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Welcome to Clinical Anatomy by Systems by Riehard S. 
Snell, MD, PhD. This CD-ROM is designed for medieal 
stndents doing their elinieal rotations, allied health stn- 
dents, dental stndents, nnrses, and residents. 

The information provided is in the form of Glinieal 
Notes, which are linked to the appropriate ehapters of the 
main text. This gives stndents ready aeeess to the basie 
anatomie and elinieal material. Seetions on Gongenital 
Anomalies are also inelnded. 

The elinieal material provides the medieal professional 
with the praetieal applieation of anatomie faets that he or 
she will require when examining patients. It will also be of 
great assistanee when interpreting the findings of teehno- 


logie investigations. The anatomy of Gommon Medieal 
Proeednres has also been inelnded, and the eomplieations 
eansed by an ignoranee of normal anatomy have been 
emphasized. 

Examples of elinieal eases are given at the end of eaeh 
gronp of eiinieal Notes. Eaeh elinieal vignette is followed 
by mnltiple ehoiee questions. Answers and explanations for 
the problems are given at the end of the seetion in the CD- 

ROM. 

*No part of this CD-ROM may be reprodneed in any 
form or by any means without written permission from the 
eopyright owner. 
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In the dermis, the bnndles of eollagen fibers are mostly 
arranged in parallel rows. A snrgieal ineision throngh the 
skin made along or between these rows eanses the mini- 
mnm of disrnption of eollagen, and the wound heals with 
minimal sear tissne. Gonversely, an ineision made aeross 
the rows of eollagen disrnpts and distnrbs it, resnlting in the 
massive prodnetion of fresh eollagen and the formation of a 
broad, ngly sear. The direetion of the rows of eollagen is 
known as the lines of eleavage (Langehs lines), and they 
tend to rnn longitndinally in the limbs and eirenmferen- 
tially in the neek and trnnk (CD Fig. 1-1). 




CD Fìgure 1-1 deavage lines of the skin. 
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A general knowledge of the direetion of the lines of 
eleavage greatly assists the snrgeon in making ineisions that 
resnlt in eosmetieally aeeeptable sears. This is partienlarly 
important in those areas of the body not normally eovered 
by elothing. A salesperson^ for example^ may lose his or her 
job if an operation leaves a hideons faeial sear. 

Skin infeetions 

The nail folds, hair follieles, and sebaeeons glands are 
eommon sites for entranee into the nnderlying tissnes of 
pathogenie organisms sneh as Staphyloeoeens aureus. 
Infeetion oeenrring between the nail and the nail fold is 
ealled a paronyehia. Infeetion of the hair folliele and seba- 
eeons gland is responsible for the eommon boil. A earbnnele 
is a staphyloeoeeal infeetion of the snperfieial faseia. It fre- 
quently oeenrs in the nape of the neek and nsnally starts as an 
infeetion of a hair folliele or a gronp of hair follieles. 

5ebaceGus Cyst 

A sebaeeons eyst is eansed by obstrnetion of the month of a 
sebaeeons dnet and may be eansed by damage from a eomb 
or by infeetion. It oeenrs most frequently on the sealp. 

Shoek 

A patient who is in a state of shoek is pale and exhibits goose- 
flesh as a resnlt of overaetivity of the sympathetie system, 
whieh eanses vasoeonstrietion of the dermal arterioles and 
eontraetion of the arreetor pili mnseles. 

Skin Burns 

The depth of a bnrn determines the method and rate of 
healing. A partial-skin-thiekness bnrn heals from the eells of 
the hair follieles, sebaeeons glands, and sweat glands as well 
as from the eells at the edge of the bnrn. A bnrn that extends 
deeper than the sweat glands heals slowly and from the 
edges only, and eonsiderable eontraetnre will be eansed by 
fibrons tissne. To speed up healing and rednee the inei- 
denee of eontraetnre, a deep bnrn shonld be grafted. 


new eirenlation within it at the reeipient site. The donor site 
is nsnally eovered with a split-thiekness graft. In eertain eir- 
enmstanees the fnll-thiekness graft is made in the form of a 
pediele graft, in whieh a flap of fnll-thiekness skin is tnrned 
and stitehed in position at the reeipient site, leaving the base 
of the flap with its blood snpply intaet at the donor site. 
Later, when the new blood snpply to the graft has been 
established, the base of the graft is ent aeross. 


FASe AE 


Fasdae and IníeetÌDn 

Knowledge of the arrangement of the deep faseiae often 
helps explain the path taken by an infeetion when it spreads 
from its primary site. In the neek^ for example^ the varions 
faseial planes explain how infeetion ean extend from the 
region of the floor of the month to the larynx. 


SKELETM 


Mnsele Attaehments 

The importanee of knowing the main attaehments of all 
the major mnseles of the body need not be emphasized. 
Only with sneh knowledge is it possible to nnderstand the 
normal and abnormal aetions of individnal mnseles or 
mnsele gronps. How ean one even attempt to analyze, 
for example, the abnormal gait of a patient without this 
information? 

Mnsele Shape and Fnrm 

The general shape and form of mnseles shonld also be 
noted, sinee a paralyzed mnsele or one that is not nsed (sneh 
as oeenrs when a limb is immobilized in a splint) quiekly 
atrophies and ehanges shape. In the ease of the limbs, it is 
always worth remembering that a mnsele on the opposite 
side of the body ean be nsed for eomparison. 





Skin Grafting 

Skin grafting is of two main types: split-thiekness grafting 
and fnll-thiekness grafting. In a split-thiekness graft the 
greater part of the epidermis, inelnding the tips of the der- 
mal papillae, are removed from the donor site and plaeed on 
the reeipient site. This leaves at the donor site for repair pnr- 
poses the epidermal eells on the sides of the dermal papillae 
and the eells of the hair follieles and sweat glands. 

A fnll-thiekness skin graft inelndes both the epidermis 
and dermis and, to snrvive, requires rapid establishment of a 


EARD AC 


Neernsis nf Gardiae Mnsde 

The eardiae mnsele reeeives its blood snpply from 
the eoronary arteries. A sndden bloek of one of the large 
branehes of a eoronary artery will inevitably lead to neero- 
sis of the eardiae mnsele and often to the death of the 
patient. 
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When examining a patient, the elinieian shonld assess 
the normal range of movement of all joints. When 
the bones of a joint are no longer in their normal 
anatomie relationship with one another, then the joint is 
said to be disloeated. Some joints are partienlarly snseep- 
tible to disloeation beeanse of laek of snpport by ligaments, 
the poor shape of the artienlar snrfaees, or the absenee 
of adequate mnsenlar snpport. The shonlder joint, tem- 
poromandibnlar joint, and aeromioelavienlar joints are 
good examples. Disloeation of the hip is nsnally eongeni- 
tal, being eansed by inadequate development of the 
soeket that normally holds the head of the femnr firmly 
in position. 

The presenee of eartilaginons dises within joints, espe- 
eially weightbearing joints, as in the ease of the knee, makes 
them partienlarly snseeptible to injnry in sports. Dnring 
a rapid movement the dise loses its normal relationship 
to the bones and beeomes ernshed between the weight- 
bearing snrfaees. 

In eertain diseases of the nervons system (e.g., sy- 
ringomyelia), the sensation of pain in a joint is lost. This 
means that the warning sensations of pain felt when a joint 
moves beyond the normal range of movement are not 
experieneed. This phenomenon resnlts in the destrnetion of 
the joint. 

Knowledge of the elassifieation of joints is of great valne 
beeanse, for example, eertain diseases affeet only eertain 
types of joints. Gonoeoeeal arthritis affeets large synovial 
joints sneh as the ankle, elbow, or wrish whereas tnberen- 
lons arthritis also affeets synovial joints and may start in the 
synovial membrane or in the bone. 

Remember that more than one joint may reeeive the 
same nerve snpply. For example, the hip and knee joints 
are both snpplied by the obtnrator nerve. Thns, a patient 
with disease limited to one of these joints may experienee 
pain in both. 




Damage to LigamEnts 

Joint ligaments are very prone to exeessive stretehing and 
even tearing and rnptnre. If possible, the apposing damaged 
snrfaees of the ligament are bronght together by positioning 
and immobilizing the joint. In severe injnries^ snrgieal 
approximation of the ent ends may be required. The blood 




elot at the damaged site is invaded by blood vessels and 
fibroblasts. The fibroblasts lay down new eollagen and elas- 
tie fibers^ whieh beeome oriented along the lines of me- 
ehanieal stress. 



BORSAE AND 

SYNDVIAL 

SHEATHS 



and Synovial Sheaths 

Bnrsae and synovial sheaths are eommonly the site of 
tranmatie or infeetions disease. For example, the extensor 
tendon sheaths of the hand may beeome inflamed after ex- 
eessive or nnaeenstomed nse; an inflammation of the 
prepatellar bnrsa may oeenr as the resnlt of tranma from re- 
peated kneeling on a hard snrfaee. 


BLDDD VESSELS 


Diseases oi Blood Vessels 

Diseases of blood vessels are eommon. The snrfaee anatomy 
of the main arteries, espeeially those of the limbs, is dis- 
enssed in the appropriate seetions of this book. The eollat- 
eral eirenlation of most large arteries shonld be nnderstood, 
and a distinetion shonld be made between anatomie end 
arteries and fnnetional end arteries. 

All large arteries that eross over a joint are liable to be 
kinked dnring movements of the joint. However, the distal 
flow of blood is not interrnpted beeanse an adequate anas- 
tomosis is nsnally between branehes of the artery that arise 
both proximal and distal to the joint. The alternative blood 
ehannels, whieh dilate nnder these eirenmstanees, form the 
eollateral eirenlation. Knowledge of the existenee and posi- 
tion of sneh a eirenlation may be of vital importanee shonld 
it be neeessary to tie off a large artery that has been damaged 
by tranma or disease. 

Goronary arteries are fnnetional end arteries, and if 
they beeome bloeked by disease (eoronary arterial oeelnsion 
is eommon), the eardiae mnsele normally snpplied by that 
artery will reeeive insnffieient blood and nndergo neerosis. 
Bloekage of a large eoronary artery resnlts in the death of the 
patient. 





















lntroductìon to Clìnìcal Anatomy 5 


LYMPHATie 
5Y5TEM 

DisEases of the Lymphatie System 

The lymphatie system is often de-emphasized by anatomists 
on the gronnds that it is diffienlt to see on a eadaver. However, 
it is of vital importanee to medieal personnel, sinee lymph 
nodes may swell as the resnlt of infeetion, metastases, or pri- 
mary tnmor. For this reason, the lymphatie drainage of all ma- 
jor organs of the body, inelnding the skin, shonld be known. 

A patient may eomplain of a swelhng prodneed by the 
enlargement of a lymph node. A physieian mnst know the 
areas of the body that drain lymph to a partienlar node if he 
or she is to be able to find the primary site of the disease. Of- 
ten the patient ignores the primary disease, whieh may be a 
small, painless eaneer of the skin. 

Gonversely, the patient may eomplain of a painfnl nleer 
of the tongne, for example, and the physieian mnst know the 
lymph drainage of the tongne to be able to determine whether 
the disease has spread beyond the limits of the tongne. 


NERvnn5 


Segmental Innervation nf the Skin 

The area of skin snpplied by a single spinal nerve, and 
therefore a single segment of the spinal eord, is ealled a 
dermatome. On the trnnk, adjaeent dermatomes overlap 
eonsiderably; to prodnee a region of eomplete anesthesia, at 
least three eontignons spinal nerves mnst be seetioned. Der- 
matomal eharts for the anterior and posterior snrfaees of the 

body are shown in CD Figs. 1-2 and 1-3. 

In the limbs^ arrangement of the dermatomes is more 
eomplieated beeanse of the embryologie ehanges that take 
plaee as the limbs grow ont from the body wall. 

A physieian shonld have a working knowledge of the 
segmental (dermatomal) innervation of skin, beeanse with 
the help of a pin or a pieee of eotton he or she ean determine 
whether the sensory fnnetion of a partienlar spinal nerve or 
segment of the spinal eord is fnnetioning normally. 

Segmental Innervation of Mnsde 

Skeletal mnsele also reeeives a segmental innervation. Most 
of these mnseles are innervated by two, three, or fonr spinal 
nerves and therefore by the same nnmber of segments of the 
spinal eord. To paralyze a mnsele eompletely, it is thns nee- 
essary to seetion several spinal nerves or to destroy several 
segments of the spinal eord. 





Learning the segmental innervation of all the mnseles 
of the body is an impossible task. Nevertheless, the segmen- 
tal innervation of the following mnseles shonld be known 
beeanse they ean be tested by elieiting simple mnsele 
reflexes in the patient (CD Fig. 1-4): 








Bieeps braehii tendon reflex: C5 and 6 (flexion of the 
elbow joint by tapping the bieeps tendon) 

Trieeps tendon reflex: C6, 7, and 8 (extension of the 
elbow joint by tapping the trieeps tendon) 
Braehioradialis tendon reflex: C5, 6, and 7 (snpination 
of the radionlnar joints by tapping the insertion of the 
braehioradialis tendon) 

Abdominal snperfieial reflexes (eontraetion of nnderly- 
ing abdominal mnseles by stroking the skin): Upper 
abdominal skin T6-7, middle abdominal skin T8-9, and 
lower abdominal skin TlO-12 

Patellar tendon reflex (knee jerk): L2, 3, and 4 (exten- 
sion of the knee joint on tapping the patellar tendon) 
Aehilles tendon re£lex (ankle jerk): S1 and S2 (plantar 
flexion of the ankle joint on tapping the Aehilles 
tendon) 


eiinieal ModifieatÌDn of the 
Aetivities of the Aotonomie 
Nervoos System 

Many drngs and snrgieal proeednres that ean modify the 
aetivity of the antonomie nervons system are available. For 
example, drngs ean be administered to lower the blood 
pressnre by bloeking sympathetie nerve endings and eansing 
vasodilatation of peripheral blood vessels. In patients with 
severe arterial disease affeeting the main arteries of the lower 
limb^ the limb ean sometimes be saved by seetioning the 
sympathetie innervation to the blood vessels. This prodnees 
a vasodilatation and enables an adequate amonnt of blood to 
flow throngh the eollateral eirenlation, thns bypassing the 
obstrnetion. 


MUCDU5 AND 
5ERDU5 
MEMDRANE5 

Moeoos and Beroos Memhranes 
and Inflammalory Disease 

Mneons and serons membranes are eommon sites for in- 
flammatory disease. For example^ rhinitis, or the eommon 
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cutaneous nerve of neek 


nerves 


cutaneous braneh of seeond 


nerve 

lateral cutaneous nerve of arm 


medial cutaneous nerve of arm 


lower lateral cutaneous nerve of arm 
medial cutaneous nerve of forearm 


lateral cutaneous nerve of forearm 


lateral cutaneous braneh of 
subcostal nerve 

femoral braneh of genitofemoral 
nerve 


median nerve 
ulnar nerve 


ilioinguinal nerve 

cutaneous nerve of thigh 
nerve 

cutaneous nerve of thigh 
intermediate cutaneous nerve of thigh 

infrapatellar braneh of saphenous nerve 

sural cutaneous nerve 


nerve 


peroneal nerve 


peroneal nerve 


CD Fìgure 1-2 Dernnatonnes and dis- 
tribotion of cutaneous nerves on the 
anterior aspeet of the body. 


eold, is an inflammation of the nasal mneons membrane, 
and plenrisy is an inflammation of the viseeral and parietal 
layers of the plenra. 


Immediately after a fraetnre, the patient snffers severe lo- 
eal pain and is not able to nse the injnred part. Deformity 
may be visible if the bone fragments have been displaeed 
relative to eaeh other. The degree of deformity and the di- 


reetions taken by the bony fragments depend not only on 
the meehanism of injnry, bnt also on the pnll of the mns- 
eles attaehed to the fragments. Ligamentons attaehments 
also inflnenee the deformity. In eertain sitnations —for 
example, the ilenm —fraetnres resnlt in no deformity be- 
eanse the inner and onter snrfaees of the bone are splinted 
by the extensive origins of mnseles. In eontrasfl a fraetnre 
of the neek of the femnr prodnees eonsiderable displaee- 
ment. The strong mnseles of the thigh pnll the distal frag- 
ment upward so that the leg is shortened. The very strong 
lateral rotators rotate the distal fragment laterally so that 
the foot points laterally. 

Fraetnre of a bone is aeeompanied by a eonsiderable 
hemorrhage of blood between the bone ends and into the 
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greater 
third 

great 

fourth 
lesser oeeipital 
supraclavicular nerve 

first thoraeie nerve 


posterior cutaneous nerve of 


medial cutaneous nerve of arm 

posterior cutaneous nerve of forearm 

medial cutaneous nerve of forearm 
lateral cutaneous nerve of forearm 

lateral cutaneous braneh of T12 
posterior cutaneous branehes 


L1,2,and 3 


radial nerve 
ulnar nerve 


posterior cutaneous branehes 
S1,2,and 3 

branehes of posterior cutaneous 
nerve of thigh 

posterior cutaneous nerve of 



obturator 


lateral cutaneous 
of ealf 


lateral plantar 
medial plantar 


CDFìgure1-3 Dernnatonnes and distri- 
bution of cutaneous nerves on the pos- 
terior aspeet of the body. 


surrounding soft tissne. The blood vessels and the fibroblasts 
and osteoblasts from the periosteum and endostenm take 
part in the repair proeess. 

Riekets 

Riekets is a defeetive mineralization of the eartilage matrix 
in growing bones. This prodnees a eondition in whieh the 
eartilage eells eontinne to grow, resulting in exeess eartilage 
and a widening of the epiphyseal plates. The poorly miner- 
alized eartilaginous matrix and the osteoid matrix are soft, 
and they bend under the stress of bearing weight. The 
resnlting deformities inelude enlarged eostoehondral june- 
tions, bowing of the long bones of the lower limbs, and 


bossing of the frontal bones of the sknll. Deformities of the 
pelvis may also oeenr. 

Epiphyseal Plate Disarders 

Epiphyseal plate disorders affeet only ehildren and adoles- 
eents. The epiphyseal plate is the part of a growing bone eon- 
eerned primarily with growth in length. Trauma^ infeetion^ 
dieh exereise, and endoerine disorders ean distnrb the growth 
of the hyaline eartilaginons plate, leading to deformity and loss 
of fnnetion. In the femnr^ for example^ the proximal epiphysis 
ean slip beeause of meehanieal stress or exeessive loads. The 
length of the limbs ean inerease exeessively beeanse of in- 
ereased vasenlarity in the region of the epiphyseal plate see- 
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bieeps braehii tendon reflex 


C6, 7, and 8 



trieeps tendon reflex 


L2, 3, and 4 



patellar tendon reflex 



Aehilles tendon reflex 


CD Fìgure 1-4 Sonne important tendon reflexes used in medieal praetiee. 
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ondary to infeetion or in the presenee of tnmors. Shortening 
of a limb ean follow tranma to the epiphyseal plate resnlting 
from a diminished blood snpply to the eartilage. 

CLINICAL 
5IGNIFICANCE DF 
SEX, RACE, AND 
AGE DN STRDCEDRE 

The faet that the strnetnre and fnnetion of the hnman body 
ehange with age may seem obvions, bnt it is often over- 
looked; a ehild is jnst not a small adnlt. A few examples of 
sneh ehanges are given here: 

1. In the infant, the bones of the sknll are more resilient 
than in the adnlt, and for this reason fraetnres of the 
sknll are mneh more eommon in the adnlt than in the 
yonng ehild. 



2. The liver is relatively mneh larger in the ehild than in 
the adnlt. In the infant, the lower margin of the liver ex- 
tends inferiorly to a lower level than in the adnlt. This 
is an important eonsideration when making a diagnosis 
of hepatie enlargement. 

3. The nrinary bladder in the ehild eannot be aeeommo- 
dated entirely in the pelvis beeanse of the small size of 
the pelvie eavity and thns is fonnd in the lower part of 
the abdominal eavity. As the ehild grows, the pelvis en- 
larges and the bladder sinks down to beeome a trne 
pelvie organ. 

4. At birth, all bone marrow is of the red variety. With 
advaneing age, the red marrow reeedes up the 
bones of the limbs so that in the adnlt it is largely 
eonfined to the bones of the head, thorax, and 
abdomen. 

5. Lymphatie tissnes reaeh their maximum degree of de- 
velopment at pnberty and thereafter atrophy, so the vol- 
nme of lymphatie tissne in older persons is eonsiderably 
redneed. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

A 45-year-old patient has a small, firm, mobile tnmor 
on the dorsnm of the right foot jnst proximal to 
the base of the big toe and snperfieial to the bones and 
the long extensor tendon bnt deep to the snperfieial 
faseia. The patient has a nenrofibroma of a digital 
nerve. 

1. The following information eoneerning the tnmor is 
eorreet: 

A. It is sitnated on the lower snrfaee of the foot elose to 
the root of the big toe. 

B. It is attaehed to the first metatarsal bone. 

e. On palpation, it moves more freely from medial to 
lateral than from proximal to distal. 

D. It lies deep to the tendon of the extensor hallneis 
longns mnsele. 

E. It is attaehed to the eapsnle of the metatarsopha- 
langeal joint of the big toe. 

A 3I-year-old woman has a history of poliomyelitis af- 
feeting the anterior horn eells of the lower thoraeie and 
Inmbar segments of the spinal eord on the left side. On 


examination^ she has severe right lateral flexion defor- 
mity of the vertebral eolnmn. 

2. The following statement is eorreet abont this ease: 

A. The virns of poliomyelitis attaeks and always destroys 
the motor anterior horn eells of the spinal eord. 

B. The disease resnlted in the paralysis of the mnseles 
that normally laterally flex the vertebral eolnmn on 
the left side. 

e. The mnseles on the right side of the vertebral eol- 
nmn are hyperaetive. 

D. The right lateral flexion deformity is eansed by the 
slow degeneration of the sensory nerve fibers origi- 
nating from the vertebral mnseles on the right side. 

A 20-year-old woman severely sprains her left ankle while 
playing tennis. When she tries to move the foot so that 
the sole faees medially, she experienees severe pain. 

3. What is the eorreet anatomie term for the movement of 
the foot that prodnees the pain? 

A. Pronation 

B. Inversion 
e. Snpination 
D. Eversion 
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A 25-year-old man has a deep-seated abseess in the pos- 
terior part of the neek. 

4. The following statement is eorreet eoneerning the 
abseess: 

A. The abseess probably lies snperfieial to the deep 
faseia. 

B. The deep faseia does not determine the direetion of 
spread of the abseess. 

e. The abseess would be ineised through a vertieal skin 
ineision. 

D. The lines of eleavage are not important when 
eonsidering the direetion of skin ineisions. 

E. The abseess would be ineised, if possible, throngh a 
horizontal skin ineision. 

A 40-year-old workman reeeived a severe burn on 
the anterior aspeet of his right forearm. The area of the 
burn exeeeded 4 in.^ (10 em^). The greater part of 
the burn was snperfieial and extended only into the 
snperfieial part of the dermis. 

5. In the snperfieially bnrned area, the epidermis eells 
would regenerate from the following sites except which? 

A. The hair follieles 

B. The sebaeeons glands 
e. The margins of the burn 

D. The deepest ends of the sweat glands 

6. In a small area the burn penetrated as far as the snperfi- 
eial faseia; in this region, the epidermal eells would 
regenerate from the following sites except which? 

A. The ends of the sweat glands that lie in the snperfi- 
eial faseia 

B. The margins of the burn 
e. The sebaeeons glands 

In a 63-year-old man, a magnetie resonanee imaging 
sean of the lower thoraeie region of the vertebral eol- 
umn reveals the presenee of a tumor pressing on the 
Inmbar segments of the spinal eord. He has a loss of 
sensation in the skin over the anterior snrfaee of the left 
thigh and is nnable to extend his left knee joint. Exam- 
ination reveals that the mnseles of the front of the left 
thigh have atrophied and have no tone and that the 
left knee jerk is absent. 

7. The following statements eoneerning this patient are 
eorreet except which? 

A. The tumor is interrupting the normal hmetion of the 
efferent motor fibers of the spinal eord on the left side. 

B. The quadriceps femoris muscles on the front of the 
left thigh are atrophied. 

e. The loss of skin sensation is eonfined to the der- 
matomes Ll, 2, 3, and 4. 

D. The absenee of the left knee jerk is beeanse of 
involvement of the first Inmbar spinal segment. 


A woman reeently took up employment in a faetory. 
She is a maehinish and for 6 hours a day she has to 
move a lever repeatedly, which requires that she extend 
and flex her right wrist joint. At the end of the seeond 
week of her employmenh she began to experience pain 
over the posterior snrfaee of her wrist and notieed a 
swelhng in the area. 

8. The following statements eoneerning this patient are 
eorreet except which? 

A. Extension of the wrist joint is bronght about by 
several muscles that include the extensor digitornm 
mnsele. 

B. The wrist joint is diseased. 

e. Repeated unaccustomed movements of tendons 
throngh their synovial sheaths ean prodnee trau- 
matie inflammation of the sheaths. 

D. The diagnosis is tranmatie tenosynovitis of the long 
tendons of the extensor digitornm mnsele. 

A 19-year-old boy was snspeeted of having lenkemia. It 
was deeided to eonfirm the diagnosis by performing a 
bone marrow biopsy. 

9. The following statements eoneerning this proeednre 
are eorreet except which? 

A. The biopsy was taken from the lower end of the 
tibia. 

B. Red bone marrow speeimens ean be obtained from 
the sternnm or the iliae erests. 

e. At birth, the marrow of all bones of the body is red 
and hematopoietie. 

D. The blood-forming aetivity of bone marrow in 
many long bones gradnally lessens with age, and 
the red marrow is gradnally replaeed by yellow 
marrow. 

A 22-year-old woman had a severe infeetion under the 
lateral edge of the nail of her right index finger. On ex- 
amination, a series of red lines were seen to extend up 
the baek of the hand and aronnd to the front of the fore- 
arm and arm, up to the armpit. 

10. The following statements eoneerning this patient are 
probably eorreet except which? 

A. Palpation of the right armpit revealed the presenee 
of several tender enlarged lymph nodes (lym- 
phadenitis). 

B. The red lines were eansed by the snperfieial lym- 
phatie vessels in the arm, which were red and in- 
flamed (lymphangitis) and could be seen throngh 
the skin. 

e. Lymph from the right arm entered the bloodstream 
throngh the thoraeie duct. 

D. infeeted lymph entered the lymphatie eapillaries 
from the tissne spaees. 
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1. C is the eorreet answer. The tnmor is a nenrofibroma of 
a small digital nerve. This faet explains why the tnmor 
is relatively snperfieial and moves with the digital nerve 
more freely from medial to lateral than from proximal 
to distal. A. The tnmor is sitnated on the dorsnm or up- 
per snrfaee of the foot. B. The tnmor is mobile and not 
attaehed to the first metatarsal bone. D. The tnmor lies 
snperfieial to the tendon of the extensor hallneis longns 
mnsele. E. The tnmor is mobile and is not attaehed to 
the eapsnle of the metatarsophalangeal joint. 

2. B is the eorreet answer. The disease infeeted the ante- 
rior horn eells, whose axons snpply the mnseles that 
normally laterally flex the vertebral eolnmn on the left 
side. A. The virns of poliomyelitis attaeks anterior horn 
eells in the spinal eord. The resnlt may be death of the 
eells and mnsele paralysis or, depending on the severity 
of the attaek, the nerve eells may reeover and the mns- 
ele paralysis may also reeover. C. The mnseles on the 
right side of the vertebral eolnmn are eontraeting nor- 
mally against the paralyzed left-sided vertebral mnseles. 
D. The sensory nerves of mnseles are nnaffeeted by the 
polio virns. 

3. B is the eorreet answer. The movement of the foot so 
that the sole eomes to faee medially is ealled inversion 
(see text Fig. 1-3). For a fnll disenssion of the move- 
ments of inversion and eversion of the foot at the snbta- 
lar and transverse joints of the fooh see text. 

4. E is the eorreet answer. The abseess would be ineised, 
if possible^ throngh a horizontal skin ineision along a 
line of eleavage (see CD Fig. 1-1). A. A deep-seated 
abseess in the neek nsnally lies deep to the snperfieial 
faseia and beneath the investing layer of deep eervieal 
faseia. B. The arrangement of the deep faseia in the 


neek plays an important role in the direetion of spread 
of a deep-seated abseess. C. The abseess would only be 
ineised throngh a vertieal ineision if a horizontal inei- 
sion along a line of eleavage was not possible. A vertieal 
ineision in the neek would resnlt in an nnsightly sear. 
D. The lines of eleavage (see CD Fig. 1-1) are very im- 
portant when eonsidering the direetion of skin inei- 
sions. However, eosmetie eoneerns have to take seeond 
plaee in life-threatening sitnations. 

5. D is the eorreet answer. In a snperfieial bnrn^ the epi- 
dermal eells would regenerate from the hair follieles, 
the sebaeeons glands, and the margins of the bnrn. 

6. e is the eorreet answer. The sebaeeons glands are lo- 
eated snperfieially (see text Fig. 1-4) and are destroyed 
in deep bnrns. 

7. D is the eorreet answer. The patellar tendon reflex (knee 
jerk) involves F2, 3, and 4 segments of the spinal eord. 

8. B is the eorreet answer. The wrist joint is not diseased 
in this patient. The swelhng on the posterior snrfaee of 
the wrist region was eansed by the exeessive prodnetion 
of flnid in the synovial sheaths of the extensor tendons 
seeondary to repeated and exeessive extensor move- 
ments, a eondition ealled tranmatie tenosynovitis. 

9. A is the eorreet answer. In a I9-year-old boy, the bone 
marrow at the lower end of the tibia is yellow. A biopsy 
speeimen of red marrow in an adnlt, who is snspeeted 
of snffering from lenkemia^ is easily obtained from the 
iliae erests or the sternnm. 

10. e is the eorreet answer. Fymph from the right npper 
limb enters the bloodstream throngh the right lym- 
phatie dnet. 
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THE NDSE 


PupmDdilatatÌDn 

A vasoeonstrietor sprayed into the nasal vestibnle ean aseend 
in the nasolaerimal dnet to the eonjnnetival sae, where it is 
absorbed, and may prodnee pnpillodilatation. 

ExaminatÌDn of ttie Nasal Eavily 

Examination of the nasal eavity may be earried ont by insert- 
ing a speenlnm throngh the external nares or by means of a 
mirror in the pharynx. In the latter ease, the ehoanae and the 
posterior border of the septnm ean be visnalized (CD Fig. 2- 
1). It shonld be remembered that the nasal septnm is rarely 
sitnated in the midline. A severely deviated septnm may 
interfere with drainage of the nose and the paranasal sinnses. 



infeetinn nf the Nasal Lavity 

Infeetion of the nasal eavity ean spread in a variety of 
direetions. The paranasal sinnses are espeeially prone to 
infeetion. Organisms may spread via the nasal part of the 
pharynx and the anditory tnbe to the middle ear. It is pos- 
sible for organisms to aseend to the meninges of the ante- 
rior eranial fossa, along the sheaths of the olfaetory nerves 
throngh the eribriform plate, and prodnee meningitis. 

Epistaxis, or bleeding from the nose, is a frequent eon- 
dition. The most eommon eanse is nose pieking. The 
bleeding may be arterial or venons, and most episodes oe- 
enr on the anteroinferior portion of the septnm and in- 
volve the septal branehes of the sphenopalatine and faeial 
vessels. 

Beware of bilateral eanterization of the septal mneons 
membrane. It eonld eompromise the blood snpply to the 
periehondrinm and eanse neerosis of the eartilaginons part 
of the septnm. 




tubal elevation 


soft palate 


nasal septum 



B 


superior eoneha 


middle eoneha 


inferior eoneha 


CD Fìgure 2-1 A. Position of the mirror in posterior rhinoseopy. B. Structures seen in 
posterior rhinoseopy. 
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Nasal Dhstraetion 

Nasal obstmetion ean be eansed by edema of the mneons 
membrane seeondary to infeetion^ or by foreign bodies 
lodged between the eonehae. The shelf-like eonehae make 
impaetion and retention of balloons, peas, and small toys 
relatively easy in ehildren. Other eanses inelnde tnmors, 
polyps, and septal abseesses. 

Defleetion of the nasal septnm is eommon. It is be- 
lieved to oeenr most eommonly in males beeanse of tranma 
in ehildhood. 

The most volnminons part of the nasal eavity is elose to 
the floor, and it is nsnally possible to pass a well-lnbrieated 
tnbe throngh the nostril along the inferior meatns into the 
nasopharynx. 


lip, or aeross the lower eyelid, sinee fntnre sears tend to eon- 
traet and distort the depression. 



Median Nasal FurrQW 

In median nasal fnrrow, the nasal septnm is split, separating 
the two halves of the nose (CD Fig. 2-2A). 



Nasal Fractures 

Fraetnres involving the nasal bones are eommon. Blows di- 
reeted from the front may eanse one or both nasal bones to 
be displaeed downward and inward. 

Lateral fraetnres also oeenr in whieh one nasal bone is 
driven inward and the other ontward; the nasal septnm is 
nsnally involved. 


In lateral proboseis, a skin-eovered proeess develops, nsnally 
with a dimple at its lower end (CD Fig. 2-2B). 



Skin Laeerations 

Laeerations are sntnred in the nsnal way. Remember, how- 
ever, that there is very little exeess of skin so that the vasen- 
larity may be eompromised if too mneh tension is plaeed on 
the sntnres. Avoid making ineisions aeross depressed areas 
on the side of the nose or at the jnnetion of the nose and the 


Sinnsitis and thG Examinatinn ni 
the Paranasal Sinnsas 

Infeetion of the paranasal sinnses is a eommon eomplieation 
of nasal infeetions. Rarely, the eanse of maxillary sinnsitis is 



CD Fìgure 2-2 A. Median nasal furrow in which the nasal septum has eompletely split 
separating the two halves of the nose. Note that the external nares are separated by a wide 
furrow. (Courtesy of LThompson.) B. Lateral proboseis. 
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maxillary sinus 


A 




sphenoethmoidal reeess 


superior eoneha 


superior meatus 

middle meatus 

bulla ethmoidalis 
hiatus semilunaris 

inferior meatus 

nasal septum 




frontal sinus 

ethmoidal sinuses 
middle eoneha 

maxillary sinus 
inferior eoneha 

palate 


CD Figure 2-3 A. Bones of the faee shovving the po- 
sitions of the frontal and nnaxillary sinoses. B. Regions 
vvhere pain is experienced in sinositis (lightly dotted 
area in frontal sinositis; solid area in sphenoethnnoidal 
sinositis; and heavily dotted area in nnaxillary sinusi- 
tis). e. Goronal seetion through the nasal eavity shovv- 
ing the frontal, ethmoidal, and maxillary sinuses. 


extension from an apieal dental abseess. The extreme thin- 
ness of the medial wall of the orbit relative to the ethmoidal 
air eells mnst be emphasized. Ethmoidal sinnsitis is the most 
eommon eanse of orbital eellnlitis. The infeetion ean easily 
spread throngh the paper-thin bone. 

The frontal, ethmoidal, and maxillary sinnses ean be 
palpated elinieally for areas of tenderness (CD Fig. 2-3). 
The frontal sinns ean be examined by pressing the finger up- 
ward beneath the medial end of the snperior orbital margin. 
Here the floor of the frontal sinns is elosest to the snrfaee. 

The ethmoidal sinnses ean be palpated by pressing the 
finger medially against the medial wall of the orbit. The 
maxillary sinns ean be examined for tenderness by pressing 
the finger against the anterior wall of the maxilla below the 
inferior orbital margin; pressnre over the infraorbital nerve 
may reveal inereased sensitivity. 

The frontal sinns is snpplied by the snpraorbital nerve, 
whieh also snpplies the skin of the forehead and sealp. It is 
not snrprising, therefore, that patients with frontal sinnsitis 


have pain referred over this area (see CD Fig. 2-3). The 
maxillary sinns is innervated by the infraorbital nerve and, 
in this ease, pain is referred to the npper jaw, inelnding the 

teeth (see CD Fig. 2-3). 


THE MDHTH 


Examination of the Mnnth 

The month is one of the most important areas of the body 
that the medieal professional is ealled on to examine. Need- 
less to say, the health professional mnst be able to reeognize 
all the strnetnres visible in the month and be familiar with 
the normal variations in the eolor of the mneons membrane 
eovering the nnderlying strnetnres. The sensory nerve snp- 
ply and lymph drainage of the month eavity shonld be 
known. The elose relation of the lingnal nerve to the lower 
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third molar tooth should be remembered. The elose rela- 
tion of the submandibular duet to the floor of the month 
may enable one to palpate a ealeulus in eases of periodie 
swelhng of the submandibular salivary gland. 

Lips and Veslibnle and Faeial 
Paralysis 

Asymmetry of the lips and paralysis of the bneeinator with a 
tendeney to aeenmnlate saliva and food in the vestibnle in- 
dieate a lesion of the faeial nerve on that side. 

Rannla 

Rannla is a eystie swelhng arising in a distended mneons 
gland of the mneons membrane. It eommonly oeeurs in the 
floor of the month, and beeanse of its transparent eovering, 
it resembles frog skin. 


THE TnNGHE 


Laeeratinn nf the Tnngne 

A wound of the tongne is often eansed by the patienf s teeth 
following a blow on the ehin when the tongne is partly pro- 
trnded from the mouth. It ean also oeeur when a patient ae- 
eidentally bites the tongne while eating, dnring reeovery 
from an anesthetie, or dnring an epileptie attaek. Bleeding 
is halted by grasping the tongne between the finger and 
thnmb posterior to the laeeration, thns oeeluding the 
branehes of the lingnal artery. 



Sometimes this is inadequate to relieve the obstrnetion and 
shonld be snpplemented by plaeing the fingers behind the 
angles of the mandible and exerting forward pressure. This 
moves the mandible forward, eansing displaeement of the 
tongne away from the laryngeal opening, sinee the mandible 
is attaehed to the tongne by the genioglossus mnseles. 

Oral Endotraeheal lntubation 

Total visnalization of the glottis with a laryngoseope is not 
neeessary for endotraeheal intnbation. If the epiglottis is vis- 
ible, the tnbe is laid on the laryngeal side of the epiglottis 
and advaneed along its snrfaee. Often this proeednre alone 
will allow the tnbe to go into the traehea. If only the esoph- 
agns is visible and not the voeal eords, the endotraeheal tnbe 
ean be plaeed “blindly” just anterior to the esophageal open- 
ing. Oeeasionally when the tnbe is eanght at the anterior 
glottie eonstrietion, the head shonld be flexed slightly, al- 
lowing the pressnre of the tongne to displaee the endotra- 
eheal tnbe posteriorly and henee move it into the opening 
of the glottis. Frequently this manenver has to be snpple- 
mented by tnrning the head slightly to one side or another. 
The nse of styleted endotraeheal tnbes also may help in this 
sitnation. ''Trigger tnbes” may be nsed, whieh allow the tip 
to be manipnlated from above. 

When oral endotraeheal intnbation is impossible in the 
above sitnations, nasotraeheal intnbation may be sueeessful, 
sinee the tnbe approaehes the glottis slightly more posteri- 
orly and is direeted more toward it. 

Oral Endotraeheal lntubation and the ineisor Teeth 

Interferenee with endotraeheal intubation may be eaused 
by the presenee of protrnding ineisor teeth, often making it 
neeessary to pnt the endotraeheal tnbe in an extreme lateral 
position to approaeh the glottis. 


Tangne and Airway Dbstrnetion 

In an nneonseions patient, there is a tendeney for the 
tongne to fall baekward and obstrnet the laryngeal opening. 
This is eaused by the loss of tone of the extrinsie mnseles 
and, unless quiekly eorreeted 'Vith a jaw thrnst or ehin lift 
manenver/' will lead to all of the signs and symptoms of air- 
way obstrnetion. 

Anatomy of Proeedores 

Pulling the Tongue Forvvard in Airvvay 
Obstruction 

The head should be extended at the atlantooeeipital joint 
and the neek flexed at the C4 to C7 joints. The extended 
head stretehes the faseia and mnseles of the front of the neek 
and eanses a forward and downward movement of the 
mandible that is eorreetable by plaeing a finger below the 
symphysis menti and pulhng the mandible forward and up. 


Oral Endotraeheal lntubation and the Small Mandible 

Patients with reeeding jaws, seeondary to a small mandible, 
often make intnbation diffienlh and in some eases the nasal 
ronte or a lighted stylet or digital intnbation mnst be nsed. 
However, sinee this anatomie eonfignration approaehes the 
pietnre seen in younger ehildren^ many times a small 
straight blade sneh as a Miller no. 2 or Miller no. 3 ean over- 
eome the visnal diffienlties noted when a enrved blade of 
the Maeintosh type is nsed. 


THE PALATE 


AngÌGedema of the Uvula (Dnineke’s 
Uvula) 

The uvula has a eore of volnntary mnsele, the mnsenlns 
nvnlae, that is attaehed to the posterior border of the hard 
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palate. Surrounding the mnsele is the loose eonneetive tis- 
sne of the snbmneosa that is responsible for the great 
swelhng of this strnetnre seeondary to angioedema. 

mNGENITAL 

ANDMALIES DL 
THE PALATE 

eieft Palate 

eieft palate is eommonly assoeiated with eleft npper lip. 
All degrees of eleft palate oeenr and are eansed by failnre 
of the palatal proeesses of the maxilla to fnse with eaeh 
other in the midline; in severe eases, these proeesses also 
fail to fnse with the primary palate (premaxilla) (CD Figs. 
2-4 and 2-5). The first degree of severity is eleft nvnla, and 
the seeond degree is nnnnited palatal proeesses. The third 
degree is nnnnited palatal proeesses and a eleft on one side 
of the primary palate. This type is nsnally assoeiated with 
nnilateral eleft lip. The fonrth degree of severity, whieh is 
rare, eonsists of nnnnited palatal proeesses and a eleft on 
both sides of the primary palate. This type is nsnally asso- 
eiated with bilateral eleft lip. A rare form may oeenr in 
whieh a bilateral eleft lip and failnre of the primary palate 
to fnse with the palatal proeesses of the maxilla on eaeh 
side are present. 

A baby born with a severe eleft palate presents a diffienlt 
feeding problem, sinee he or she is nnable to snek effi- 
eiently. Sueh a baby often reeeives in the month some milk, 
whieh then is regnrgitated throngh the nose or aspirated into 
the Inngs, leading to respiratory infeetion. For this reason, 
earefnl artifieial feeding is required nntil the baby is strong 
enongh to nndergo snrgery. Plastie snrgery is reeommended 
nsnally between 1 and 2 years of age, before improper 
speeeh habits have been aequired. 




CD Fígure 2-4 Cleft hard and soft palate. 




CD Figure 2-5 Different forms of eleft palate: eleft uvula (A), 
eleft soft and hard palate (B), total unilateral eleft palate and 
eleft lip (C), total bilateral eleft palate and eleft lip (D), and 
bilateral eleft lip and jaw (E). 


THE SALIVARY 
GLANDS 

Parotid Salivary Gland and Lasions 
of the Faeial Nerve 

The faeial nerve lies in the interval between the snperfieial 
and deep parts of the gland. A benign parotid tnmor rarely, 
if ever, eanses faeial palsy. A malignant tnmor of the parotid 
is nsnally highly invasive and quiekly involves the faeial 
nerve, eansing nnilateral faeial paralysis. 

Parotid Gland InfEetions 

The parotid gland may beeome aentely inflamed as a resnlt 
of retrograde baeterial infeetion from the month via the 
parotid dnet. The gland may also beeome infeeted via the 
bloodstream, as in mnmps. 
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Paratid Duct and Faeial Injuries 

The parotid duch which is a eomparatively superficial struc- 
ture on the faee, runs forward from the parotid gland one 
fingerbreadth below the zygomatie areh (see text Fig. 2-18). 
It is about 2 in. (5 em) long and ean be rolled beneath the 
examining finger at the anterior border of the masseter as it 
turns medially and pierees the bneeinator mnsele; it then 
opens into the month opposite the npper seeond molar 
tooth (see text Fig. 2-8). 

The parotid dnet may be damaged in injnries to the 
faee or may be inadvertently ent dnring snrgieal operations 
on the faee. The integrity of the parotid dnet ean be estab- 
lished by wiping the inside of the eheek dry and then press- 
ing on the parotid gland. Look for a drop of viseid saliva to 
appear on the tip of the papilla in the month. 

Subinandibular Gland: Calculus 
Formatinn 

The snbmandibnlar salivary gland is a eommon site of eal- 
enlns formation. The presenee of a tense swelhng below the 
body of the mandible, which is greatest before or dnring a 
meal and is redneed in size or absent between meals, is di- 
agnostie of the eondition. Examination of the floor of the 
month will reveal absenee of ejeetion of saliva from the ori- 
fiee of the dnet of the affeeted gland. Frequently, the stone 
ean be palpated in the dneh which lies below the mneons 
membrane of the floor of the month. 

Sublingual Gland and Cysl 
Fnrmatinn 

Bloekage of one of the dnets of the snblingnal gland may 
eanse eysts nnder the tongne. 


THE PHARYNX 

Tbe Killian’s Debiseenee and 
Fnreign Bndies 

Inverted foreign bodies tend to get snared in the region of 
Killian's dehiseenee. 

Tbe Pirifnrm Fnssa and Fnreign 
Bndies 

The piriform fossa is a eommon site for fish bones or other 
foreign bodies to beeome lodged. 



THE PRDEESS DE 
SWAELDWIND 
(DEGLHTITIDN) 

Swallnwing in Dnennseinns 
Individnals 

Dnring swallowing in eonseions individuals, food and 
fluid eross natnrally from the month to the esophagns, 
and movements of air from the nose to the larynx is 
momentarily stopped. In nneonseions individnals, when 
the reflex meehanisms are not fnnetioning^ it is possible 
for food and flnid to enter the bronehial tree or air to enter 
the stomaeh. Moreover, shonld vomiting oeenr, the regnr- 
gitated gastrie eontents may be inhaled into the lungs 
(see below). 

Pbaryngeal Dbstructinn nf tbe 
Dpper Áirway 

This eondition frequently oeenrs in patients dnring 
eardiopnlmonary arrest or in the deereased level of eon- 
seionsness that aeeompanies a major eerebrovasenlar aeei- 
dent or drng overdose. The obstrnetion is eansed when the 
atonie tongne falls baek and the pharyngeal wall eaves in 
dne to loss of tone of the pharyngeal mnseles. The obstrne- 
tion may elear if the patient is plaeed in the lateral deenbi- 
tns position, with the neek extended and the jaw pnlled 
forward (which pnlls the tongne forward). If the patient 
mnst lie in a snpine position, an oropharyngeal or nasopha- 
ryngeal airway may have to be inserted to eonnteraet the 
flaeeid pharyngeal walls. 

Ldss nf tbe Gag REflex 

In eonseions patients the airway is proteeted by a nnmber of 
important reflexes, including the gag reflex, the laryngeal 
reflex, and the eongh reflex. The gag or swallowing reflex 
oeenrs in response to stimnlation of the pharyngeal mneons 
membrane, which is innervated by the glossopharyngeal 
nerve. The laryngeal and eongh reflexes (traehea and 
bronehi) are mediated by the vagns nerve. These proteetive 
reflexes are lost in deseending order as the patient beeomes 
less and less responsive. In these eirenmstanees the airway 
may be bloeked by aspiration of vomit and gastrie and pha- 
ryngeal seeretions. 
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PALAT NE TDNS LS 


ExaininatÌQn oi the Tonsils 

With the mouth wide open and with a good light shining into 
the month, the tongne is depressed with a spatnla. The ton- 
sils ean be elearly seen on eaeh side of the oral pharynx in the 
depression between the palatoglossal and palatopharyngeal 
folds. Note the size and eolor of the tonsil; a reddened tonsil 
eovered with mnens or pns is a elear indieation of tonsillitis. 



The palatine tonsils reaeh their maximum normal size in 
early ehildhood. After pnberty, together with other lym- 
phoid tissnes in the body, they gradnally atrophy. The pala- 
tine tonsils are a eommon site of infeetion, prodneing the 
eharaeteristie sore throat and pyrexia. The deep eervieal 
lymph node sitnated below and behind the angle of the 
mandible, whieh drains lymph from this organ, is nsnally 
enlarged and tender. 

Tonsilleetomy^ whieh is often the treatment for reenr- 
rent episodes of tonsillitis, is sometimes aeeompanied by 
tronblesome postoperative bleeding from the external pala- 
tine vein. 

Ouinsy 

A peritonsillar abseess, or quinsy, is eansed by spread of in- 
feetion from the palatine tonsil to the loose eonneetive tis- 
sne ontside the eapsnle (see text Fig. 2-24). 

Adenaids 

Adenoids are enlarged nasopharyngeal tonsils nsnally assoei- 
ated with infeetion. Exeessive enlargement bloeks the poste- 
rior nasal openings and eanses the patient to snore londly at 
night and to breathe throngh the open month. The elose re- 
lationship of the infeeted lymphoid tissne to the anditory 
tnbe may be the eanse of deafness and reenrrent otitis media. 


THE LARYNX 

The Cricoid Eartilage and the 
Selliek Manenver 

The eontinnons ring strnetnre of the erieoid eartilage is nti- 
lized when applying pressnre on the erieoid to eontrol re- 
gnrgitation of stomaeh eontents dnring the indnetion of 
anesthesia. 




Relationship hetivBen Voeal Folds 
and Erieothyroid Ligament 

Text Fig. 2-27 shows the relationship between the voeal folds 
and the erieothyroid ligament. It is elear that the folds may 
be damaged in pnnetnre wounds in the front of the larynx. 

Larynx in ehildren 

In ehildren the neek is shorter and the larynx is more eepha- 
lad than in adnlts (CD Fig. 2-6). At birth the erieoid eartilage 
lies at the level of the fonrth eervieal vertebra, and only at the 
age of 6 years does it lie opposite the sixth eervieal vertebra. 
The glottis at birth lies opposite the seeond eervieal vertebra. 

The epiglottis is U-shaped and less flexible in ehildren, 
whieh sometimes makes it diffienlt to line up the oral, pha- 
ryngeal, and traeheal axes when passing a laryngoseope. 

The rima glottidis tends to be more anterior in ehildren 
than in adnlts. The voeal folds in ehildren have thieker snb- 
mneosa, so that edema of the folds is more likely to oeelnde 
the glottis. 

As mentioned previonsly, the eavity of the larynx is nar- 
rowest within the erieoid ring in ehildren^ whereas the glot- 
tis is the narrowest part of the eavity in adnlts. 

Epiglottitis 

An aente inflammatory swelhng of the mneons membrane of 
the epiglottis ean eompromise the npper airway. The inflam- 
mation may spread rapidly in the loosely arranged snbmneosa 
down to the voeal eords. Here the spreading stops beeanse the 
mneosa is tightly adherent to the nnderlying voeal ligaments. 
The eondition is most often seen in ehildren where the nar- 
row passageway quiekly leads to npper airway obstrnetion. 

Eoreign Bodies in the Airway 

The laryngeal and eongh reflexes mediated throngh the va- 
gns nerves are the natnral defense meehanisms for expelhng 
foreign bodies from the airway at all ages. If eonghing is sne- 
eessfnlly freeing the obstrnetion, it shonld be eneonraged to 
eontinne. If intervention is neeessary, anatomie and physio- 
logie age differenees dietate treatment. 

Anatomie Rationale for 
Differenees in Proeednres for 
Removing Foreign Bodies in 
Adnlts and Ehildren 

It is generally agreed that all manenvers are direeted toward 
the inerease in intrathoraeie pressnre by eompressing the 
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CD Fìgure 2-6 Sagittal seetions of the neek of an adult (A) and an infant (B) shortly after 
birth. Different vertebral levels in these age groups are shovvn. 


intrathoraeie gas volnme to expel the foreign body from 
the airway. For ehildren older than 1 year and for adnlts, 
the abdominal thrnst (Heimlieh manenver) shonld be nsed. 
The rapid eompression of the abdominal viseera snddenly 
forees the diaphragm into the thoraeie eavity. In infants, the 
relatively large size of the liver and the delieate strnetnre of 
the abdominal viseera generally preelnde its nse. Ghildren 
yonnger than 1 year shonld be plaeed faee down over the 
resenehs arm, with the head lower than the trnnk, and mea- 
snred baek blows shonld be delivered between the seapnlae. 
If this fails to open the airway, they shonld be rolled oveg 
and fonr rapid sternal eompressions shonld be administered. 

It is now aeeepted that sndden blows to the baek in the 
older age gronps, espeeially in the standing or sitting 
position, extends the thoraeie part of the vertebral eolnmn 
and may displaee the foreign body fnrther down the airway, 
leading to impaetion or eomplete obstrnetion. 

Lesions of the Laryngeal Nerves 

The mnseles of the larynx are innervated by the reenrrent la- 
ryngeal nerves, with the exeeption of the erieothyroid mns- 
ele, whieh is snpplied by the external laryngeal nerve. Both 
these nerves are vnlnerable dnring operations on the thyroid 
gland beeanse of the elose relationship between them and 
the arteries of the gland. The left reenrrent laryngeal nerve 


may be involved in a bronehial or esophageal eareinoma or 
in seeondary metastatie deposits in the mediastinal lymph 
nodes. The right and left reenrrent laryngeal nerves may be 
damaged by malignant involvement of the deep eervieal 
lymph nodes. 

Seetion of the external laryngeal nerve prodnees weak- 
ness of the voiee beeanse the voeal fold eannot be tensed. 
The erieothyroid mnsele is paralyzed (CD Fig. 2-7). 

Unilateral eomplete seetion of the reenrrent laryn- 
geal nerve resnlts in the voeal fold on the affeeted side 
assnming the position midway between abdnetion and 
addnetion. It lies jnst lateral to the midline. Speeeh is not 
greatly affeeted beeanse the other voeal fold eompensates to 
some extent and moves toward the affeeted voeal fold (CD 

Fig. 2-7). 

Bilateral eomplete seetion of the reenrrent laryngeal 
nerve resnlts in both voeal folds assnming the position 
midway between abdnetion and addnetion. Breathing is 
impaired beeanse the rima glottidis is partially elosed, and 
speeeh is lost (CD Fig. 2-7). 

Unilateral partial seetion of the reenrrent laryngeal 
nerve resnlts in a greater degree of paralysis of the abdnetor 
mnseles than of the addnetor mnseles. The affeeted voeal 
fold assnmes the addneted midline position (CD Fig. 2-7). 
This phenomenon has not been explained satisfaetorily. 
It mnst be assnmed that the abdnetor mnseles reeeive a 
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CD Fìgure 2-7 The position of the 
voeal folds (eords) after dannage to 
the external and reeorrent laryngeal 
nerves. 


greater number of nerves than the addnetor mnseles, and 
thns partial damage of the reenrrent laryngeal nerve resnlts 
in damage to relatively more nerve fibers to the abdnetor 
mnseles. Another possibility is that the nerve fibers to the ab- 
dnetor mnseles are traveling in a more exposed position in 
the reenrrent laryngeal nerve and are therefore more prone 
to be damaged. 

Bilateral partial seetion of the reenrrent laryngeal 
nerve resnlts in bilateral paralysis of the abdnetor mnseles 
and the drawing together of the voeal folds (CD Fig. 2-7). 
Aente breathlessness (dyspnea) and stridor follow, and 
erieothyroidotomy or traeheostomy is neeessary. 


inspeetion ní tliE Vneal Lnrds 
(Fníds) with the LaryngEal Mirrnr 
and Laryngnsenpe 

The interior of the larynx ean be inspeeted indireetly 
throngh a laryngeal mirror passed throngh the open month 
into the oral pharynx (CD Fig. 2-8). A more satisfaetory 
method is the direet method nsing the laryngoseope. The 
neek is bronght forward on a pillow and the head is fnlly 
extended at the atlantooeeipital joints. The illnminated 
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CD Fìgure 2-8 inspeetion of the voeal folds (eords) indireetly throogh a laryngeal mirror 
(A) and throogh a laryngoseope (B). Note the orientation of the structures forming the 
laryngeal inlet. 


instmment ean then be introdneed into the larynx over the 
baek of the tongne (CD Fig. 2-8). The valleenlae, the piri- 
form fossae, the epiglottis, and the aryepiglottie folds are 
elearly seen. The two elevations prodneed by the eornienlate 
and enneiform eartilages ean be reeognized. Within the lar- 
ynx, the vestibnlar folds and the voeal folds ean be seen. The 
former are fixed, widely separated, and reddish in eolor; the 
latter move with respiration and are white in eolor. With 
quiet breathing, the rima glottidis is triangnlar, with the apex 
in front. With deep inspiration, the rima glottidis assnmes a 
diamond shape beeanse of the lateral rotation of the ary- 
tenoid eartilages. 


If the patient is asked to breathe deeply, the voeal folds 
beeome widely abdneted, and the inside of the traehea ean 
be seen. 

ImpGrtanl Analomie Axes fnr 
EndntraeliEal Intnhation 

The npper airway has three axes that have to be bronght into 
alignment if the glottis is to be viewed adequately throngh a 
laryngoseope—the axis of the month, the axis of the phar- 
ynx, and the axis of the traehea (CD Fig. 2-9). 
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CD Figure 2-9 Anatomie axes for endo- 
traeheal intubation. A. With the head in 
the neutral position, the axis of the mouth 
iM), the axis of the traehea (71, and the 
axis of the pharynx (P) are not aligned 
with one another. B. If the head is ex- 
tended at the atlantooeeipital joints, the 
axis of the mouth is eorreetly plaeed. If 
the baek of the head is raised off the table 
with a pillow, thus flexing the eervieal 
vertebral column, the axes of the traehea 
and pharynx are brought in line with the 
axis of the mouth. 


The following proeednres are neeessary: First the head 
is extended at the atlantooeeipital joints. This brings the axis 
of the month into the eorreet position. Then the neek is 
flexed at eervieal vertebrae C4 to C7 by elevating the baek 
of the head off the table, often with the help of a pillow. This 
brings the axes of the pharynx and the traehea in line with 
the axis of the month. 

Anatomy of the Visoalization of the 
Voeal Cords with the Laryngoseope 

1. The pear-shaped epiglottis is attaehed by its stalk at its 
lower end to the interior of the thyroid eartilage (see text 

Fig. 2-26). 


2. The voeal eords (ligaments) are attaehed at their ante- 
rior ends to the thyroid eartilage jnst below the attaeh- 
ment of the epiglottis (see text Fig. 2-26). 

3. Beeanse of the above two faets, it follows that manipn- 
lation of the epiglottis and possibly the thyroid eartilage 
will greatly assist the operator in visnalizing the eords 
and the glottis. 

The patienhs head and neek are eorreetly positioned so 
that the three axes of the airway (noted above) have been es- 
tablished and the patient has assnmed the ''sniffing” posi- 
tion. The laryngoseope is inserted into the patienfs month, 
and the blade is eorreetly plaeed alongside the right 
mandibnlar molar teeth. The blade ean then be passed over 
the tongne and down into the esophagns. The tip of the 
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CD Fìgure 2-10 The laryngeal inlet as seen 
from above. 


blade must be fully inserted into the esophagns (so that you 
know where it is anatomieally). The blade shonld by now 
have moved toward the midline and followed the anatomie 
enrvatnre on the posterior snrfaee of the tongne. 

The laryngoseopie blade is then gently and slowly with- 
drawn. The tip of the blade is kept nnder direet vision at all 
times and is permitted to rise up ont of the esophagns. Re- 
member that the tip of the blade is at first in the esophagns 
and therefore distal to the level of the voeal eords. Onee the 
blade tip has left the esophagns, it is in the laryngeal part of 
the pharynx, and a view of the glottis shonld immediately be 
apparent (CD Fig. 2-10). This is the eritieal stage. If the glot- 
tis is not visnalized, then the operator is viewing the poste- 
rior snrfaee of the epiglottis. Now use your anatomie 
knowledge. 

With the tip of the blade of the laryngoseope applied to 
the posterior snrfaee of the epiglottis, gently lift up and 
elevate the epiglottis to expose the glottis. If the glottis is still 
not in view, do not panie! Again nse yonr knowledge of 
anatomy. With the right free hand grasp the thyroid earti- 
lage (to whieh the eords and the epiglottis are attaehed) be- 
tween yonr finger and thumb and apply firm baekward, 
upward, rightward pressnre (BURP). This manenver re- 
aligns the box of the larynx relative to the laryngoseopie 
blade, and the visnal axis of the operator and the glottis 
shonld immediately be seen. 

REflei Aetivity Seeondary to 
EndotraeliEal Intohation 

Stimulation of the mneons membrane of the npper airway 
dnring the proeess of intnbation may prodnee eardiovasen- 
lar ehanges sneh as bradyeardia and hypertension. These 


ehanges are largely mediated throngh the branehes of the 
vagns nerves. 


THE TRAEHEA 


Palpation of tfiE TraeliEa 

The traehea ean be readily felt below the larynx. As it 
deseends, it beeomes deeply plaeed and may lie as mneh as 
1.5 in. (4 em) from the snrfaee at the snprasternal noteh. 
Remember that in the adnlt it may measnre as mneh as 1 in. 
(2.5 em) in diameter, bnt in a 3-year-old ehild it may 
measnre only 0.5 in. in diameter. The traehea is a mobile 
elastie tnbe and is easily displaeed by the enlargement of 
adjaeent organs or the presenee of tnmors. Remember also 
that lateral displaeement of the eervieal part of the traehea 
may be eansed by a pathologie lesion in the thorax. 

eompromisEd Airway 

In a medieal emergeney immediate treatment is neeessary. 

Anatomy of Cricothyroìdotomy 

In erieothyroidotomy, a tnbe is inserted in the interval be- 
tween the erieoid eartilage and the thyroid eartilage. The 
traehea and larynx are steadied by extending the neek over a 
sandbag. 

A vertieal or transverse ineision is made in the skin in 
the interval between the eartilages (CD Fig. 2-11). The 
ineision is made throngh the following strnetnres: the skin, 
the snperfieial faseia (beware of the anterior jngnlar veins, 
whieh lie elose together on either side of the midline)^ the 
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CD Fìgure 2-11 The anatomy of erieothyroidotomy. A. A vertieal ineision is made throogh 
the skin and soperfieial and deep eervieal faseiae. B. The erieothyroid membrane (ligament) 
is ineised throogh a horizontal ineision elose to the upper border of the erieoid eartilage. 
e. Insertion of the tube. 


investing layer of deep eervieal faseia, the pretraeheal faseia 
(separate the sternohyoid mnseles and ineise the faseia), and 
the larynx. The larynx is ineised throngh a horizontal inei- 
sion throngh the erieothyroid ligament and the tnbe in- 

serted (CD Fig. 2-12). 

eomplieations 

1 . Esophageal perforation: Beeanse the lower end of the 
pharynx and the beginning of the esophagns lie direetly 
behind the erieoid eartilage, it is imperative that the 
sealpel ineision throngh the erieothyroid membrane 
not be earried too far posteriorly. This is partienlarly im- 
portant in yonng ehildren, in whom the eross diameter 
of the larynx is so small. 


2. Hemorrhage: The small branehes of the snperior 
thyroid artery that oeeasionally eross the front of the 
erieothyroid membrane to anastomose with one an- 
other shonld be avoided. 

Anatomy of Traeheostomy 

Traeheostomy is rarely performed and is limited to patients 
with extensive laryngeal damage and infants with severe air- 
way obstrnetion. Beeanse of the presenee of major vasenlar 
strnetnres (earotid arteries and internal jngnlar vein), the 
thyroid gland, nerves (reenrrent laryngeal braneh of vagns 
and vagns nerve), the plenral eavities, and esophagns, metie- 
nlons attention to anatomie detail has to be observed (CD 

Fig. 2-13). 
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CD Fìgure 2-12 View of the interior of 
the larynx as seen from the right side (the 
right lamina of the thyroid eartilage has 
been removed). Note the eloseness of the 
deep end of the erieothyroidotomy tube to 
the voeal eords, espeeially if the tube is 
direeted upward. 
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CD Fìgure 2-13 Cross seetion of the neek at the level of the seeond traeheal ring. A vertieal 
ineision is made through the ring, and the traeheostomy tube is inserted. 
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The procedure is as follows: 

1. The thyroid and erieoid eartilages are identified and the 
neek is extended to bring the traeheal forward. 

2. A vertieal midline skin ineision is made from the region 
of the erieothyroid membrane inferiorly toward the 
snprasternal noteh. 

3. The ineision is earried throngh the snperfieial faseia 
and the fibers of the platysma mnsele. The anterior 
jngnlar veins in the snperfieial faseia are avoided by 
maintaining a midline position. 

4. The investing layer of deep eervieal faseia is ineised. 

5. The pretraeheal mnseles embedded in the pretraeheal 
faseia are split in the midline two fingerbreadths snpe- 
rior to the sternal noteh. 

6. The traeheal rings are then palpable in the midline, or 
the isthmns of the thyroid gland is visible. If a hook is 
plaeed nnder the lower border of the erieoid eartilage 
and traetion is applied upward, the slaek is taken ont of 
the elastie traehea; this stops it from slipping from side 
to side. 

7. A deeision is then made as to whether to enter the tra- 
ehea throngh the seeond ring above the isthmns of the 
thyroid gland; throngh the third, fonrth, or fifth ring by 
first dividing the vasenlar isthmns of the thyroid gland; 
or throngh the lower traeheal rings below the thyroid 
isthmns. At the latter site, the traehea is reeeding from 
the snrfaee of the neek, and the pretraeheal faseia 
eontains the inferior thyroid veins and possibly the 
thryoidea ima artery. 

8. The preferred site is throngh the seeond ring of the tra- 
ehea in the midline, with the thyroid isthmns retraeted 
inferiorly. A vertieal traeheal ineision is made, and the 
traeheostomy tnbe is inserted. 

eomplieations 

Most eomplieations resnlt from not adequately palpating 
and reeognizing the thyroid, erieoid, and traeheal eartilages 
and not eonfining the ineision strietly to the midline. 

1. Hemorrhage: The anterior jngnlar veins loeated in the 
snperfieial faseia elose to the midline shonld be 
avoided. If the isthmns of the thyroid gland is tran- 
seeted, seenre the anastomosing branehes of the snpe- 
rior and inferior thyroid arteries that eross the midline 
on the isthmns. 

2. Nerve paralysis: The reenrrent laryngeal nerves may be 
damaged as they aseend the neek in the groove between 
the traehea and the esophagns. 


3. Pneumothorax: The eervieal dome of the plenra may 
be piereed. This is espeeially eommon in ehildren be- 
eanse of the high level of the plenra in the neek. 

4. Esophageal injnry: Damage to the esophagns, whieh is 
loeated immediately posterior to the traehea, oeenrs 
most eommonly in infants; it follows penetration of the 
small-diameter traehea by the point of the sealpel blade. 

SDME IMPDRTANT 
AIRWAY DISTANEES 

CD Table 2-1 shows some important distanees between 
the ineisor teeth or nostrils to anatomie landmarks in 
the airway in the adnlt. These approximate fignres are 
helpfnl in determining the eorreet plaeement of an endo- 
traeheal tnbe. 

EHANGES IN THE 
TRAEHEAE EENGTH 
WITH REGPIRATIDN 
AND PDSITIDN DE 
THE HEAD AND 
NEEK 

On deep inspiration the earina may deseend by as mneh as 
3 em. Extension of the head and neek, as when maintaining 
an airway in an anesthetized patienp may streteh the traehea 
and inerease its length by 25%. 





CD Table 2-1 

Important Airway 

Distanees (Adult)^ 

Aìrway 

Dìstanees 

(approxìmate) 

ineisor teeth to the voeal eords 
ineisor teeth to the earina 
External nares to the earina 

5.9 in. (15 em) 

7.9 in. (20 em) 

11.8 in. (30 em) 

^Average figures given ± 1-2 em. 
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THE BRDNEHI 

Aspiratian of Foreign Dodies and 
Slomaeh Fontents 

In adnlts, foreign bodies and stomaeh eontents tend to be 
aspirated into the right prineipal bronehns, sinee this is 
more in line with the traehea than the left bronehns. 
In yonng babies, sinee both bronehi arise from the traehea 
at equal angles, no predileetion for the right bronehns 
exists. 



Snetion LathetErs, Endotraeheal 
Tnhes, and the Bronehi 

Snetion eatheters and endotraeheal tnbes are more likely to 
enter the right more vertieal prineipal bronehns than the 
obliquely positioned left prineipal bronehns in adnlts and 
older ehildren. 

BRDNEHDPHLMD- 
NARY SEDMENTS 



See CD-ROM Ghapter 3. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

1. A 36-year-old man was taken to the emergeney depart- 
ment after having been fonnd lying nnresponsive in a 
loeal park with an empty whisky bottle nearby. He was 
given oxygen by an open faee mask dnring the 15- 
minnte ride in the ambnlanee. The paramedie deeided 
to improve the airway by passing a soft nasal tnbe. On 
attempting to pass the well-lubrieated tnbe into the 
patienhs nose, the paramedie fonnd it impossible to 
pnsh it mneh beyond the nasal vestibnle on either side. 
What are the eommon anatomie eanses of obstrnetion 
of the nasal airway? 

2. A 12-year-old girl was bronght to the hospital with a his- 
tory of fever, malaise, anorexia, and a sore throat. She 
also had hoarseness, a eongh, and rhinitis. On exami- 
nation there was erythema of the posterior pharyngeal 
wall, with small nleers on the palatoglossal folds and 
soft palate. The tonsils were seen to be red and en- 
larged, and an obvions white-yellow exudate was seen 
on the snrfaee of the left tonsil. Examination of the 
deep eervieal lymph nodes showed enlargement and 
tenderness of the node below and behind the angle of 
the mandible; the enlargement was greatest on the left 
side. A diagnosis of viral pharyngitis was made. List the 
varions lymphoid organs fonnd in the nasal and oral 
parts of the pharynx. Explain Waldeyeds ring. 

3. A 3-year-old boy was playing with his toys on the floor 
when his sister deeided to share some peannts with 
him. A few minntes later he started to eongh and gave 


a hoarse ery. The eongh then beeame eronpy, and 
aphonia oeenrred. The mother^ hearing the eommo- 
tion, rnshed into the room and quiekly realized what 
had happened. She tnrned the ehild npside down and 
hit his baek several times, bnt with no effeet. The ehild, 
now in obvions respiratory distress, was rnshed to the 
loeal emergeney department. On examination, he was 
taehypneie, with snprasternal retraetions. He was not 
eonghing, and althongh he attempted to ery, there was 
no sonnd. He would not tolerate being laid down. On 
the basis of yonr knowledge of the anatomy of the air- 
way, where do yon think the foreign body was lodged? 
Deseribe the normal proteetive reflexes that exist in the 
airway to prevent the inhalation of a foreign body. What 
is the anatomie and physiologie rationale behind the 
nse of baek blows, ehest thrnsts, and abdominal thrnsts 
(Heimlieh proeednre) in the management of npper 
airway obstrnetion? Whieh of these proeednres is most 
appropriate for a 3-year-old ehild? 

4. A 17-year-old boy was driving his minibike at high 
speed along a eonntry lane, when he snddenly saw what 
he thonght was a shortent throngh a gap in a hedge. He 
did not see that the gap was elosed by a strand of barbed 
wire. He strnek the wire with his neek and was thrown 
from the bieyele. On arrival at the emergeney depart- 
menh he had all the signs and symptoms of npper air- 
way obstrnetion. Using yonr knowledge of the anatomy 
of the neek, explain the type of injnry that eonld have 
oeenrred in this ease. Does the position of the voeal 
eords at the time of impaet inflnenee the type of injnry 
that oeenrs? What anatomie faetors normally proteet 
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the upper airway from serious blunt injnries? Does age 
play a role in the severity of the injnry? 

5. A 39-year-old man with extensive maxillofaeial injnries 
following an antomobile aeeident was brought to the 
hospital. Evalnation of the airway revealed partial 
obstrnetion. Despite an obvious fraetnred mandible, an 
attempt was made to move the tongne forward from the 
posterior pharyngeal wall by pnshing the angles of 
the mandible forward. This maneuver failed to move 
the tongne, and it beeame neeessary to hold the tongne 
forward direetly in order to pull it away from the poste- 


rior pharyngeal wall. At times, why is it not possible to 
pull the tongne forward in the presenee of a fraetnred 
mandible? 

6. When a laryngoseope is passed it is important to align 
the month, the oropharynx, and the larynx into one 
plane. How do you bring the axes of the oropharynx 
and the larynx in line? How do yon bring the axis of 
the month in line with the other axes? Deseribe the 
strnetnres in the order that yon ean view them through 
a laryngoseope from the base of the tongne down to 
the traehea. 




1. The most eommon eause for diffienlty in passing a 
nasal tnbe is a defleeted nasal septnm. This oeeurs 
more eommonly in the male, and is thonght to be dne 
to previons trauma to the septnm during the period of 
aetive growth. Nasal spurs and polyps may eanse diffi- 
enlty and swelhng of the mneons membrane seeondary 
to infeetion or ehemieal irritation, and ean also eanse 
bloekage. The widest part of the nasal eavity is near 
the floor. 

2. The lymphoid tissne around the openings of the mouth 
and nasal eavities into the pharynx inelnde (1) the pala- 
tine tonsil, (2) the lingnal tonsil, (3) the tubal tonsils, 
and (4) the pharyngeal tonsil. For details of Waldeyehs 
ring, see text Ghapter 2. 

3. The presenee of severe respiratory distress with snpraster- 
nal retraetions and aphonia indieates the presenee of up- 
per airway obstrnetion, probably loeated within the 
larynx. The airway is proteeted by a nnmber of important 
reflexes^ ineluding the gag reflex^ the laryngeal reflex^ 
and the eough reflex. The gag reflex oeenrs in response 
to stimnlation of the pharyngeal mueous membrane in- 
nervated by the glossopharyngeal nerve. The laryngeal 
and the eough reflexes are mediated via the vagns nerve. 
These proteetive reflexes are lost in deseending order as 
a patient loses eonseionsness. 

All maneuvers that are direeted toward freeing an ob- 
strnetion of the airway by an inhaled foreign body are 
based on an attempt to inerease the intrathoraeie pres- 
snre by eompressing the intrathoraeie gas volume, so 
that the foreign body is expressed from the month. The 
nnderlying meehanisms involved in the nse of baek 
blows, ehest thrnsts, and abdominal thrnsts are dis- 
enssed in this CD ehapter. It is now generally agreed 
that the best and safest method to use on a 3-year-old 
ehild is the abdominal thrnst. 


4. The impaet of the wire to the front of the neek eansed 
hyperextension of the eervieal part of the vertebral eol- 
nmn with stretehing of the larynx and traehea. This ef- 
feetively fixed the airway struetures in the midline so 
that they were not defleeted laterally at the moment of 
impaet. Under these eirenmstanees the eartilages of the 
larynx are fraetnred or ernshed. Depending on the 
speed of the impaet, the larynx eould be eompletely 
avnlsed from the traehea. In this situation the tone of 
the suprahyoid mnseles would eause the larynx to be re- 
traeted snperiorly and the elastieity of the traehea 
would eanse it to retraet inferiorly to the root of the neek 
or behind the sternnm. 

If the glottis were elosed at the time of impaet, 
the raised intralnminal pressure within the npper 
airway may eontribnte to the severity of the injnry. 
The upper airway reeeives a eonsiderable amonnt of 
proteetion from blows to the front of the neek and 
ehest beeanse of the presenee of the mandible and 
mannbrinm sterni. With the head and neek in the 
flexed position, the larynx and traehea are remarkably 
mobile and often defleeted laterally by an anterior 
blow to the neek. 

In ehildren, the very flexible nature of the laryngeal and 
traeheal eartilages and looseness of the supporting eon- 
neetive tissue rednee the likelihood of severe damage to 
these strnetnres. 

5. The root of the tongne is attaehed anteriorly to the 
mental spines on the posterior surfaee of the symph- 
ysis menti of the mandible by the right and left 
genioglossns mnseles. If this bony origin were floating 
beeanse of fraetnres on both sides of the body of 
the mandible, pnlling the angles of the mandible for- 
ward would have no effeet on the position of the 
tongne. 
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6. The axis of the oropharynx and the larynx are bronght 
into direet line by flexing the eervieal part of the verte- 
bral eolnmn. The axis of the month is bronght in line 
with the oropharynx by extending the atlantooeeipital 
joints. 

The following strnetnres may be viewed: (1) the base of 
the tongne; (2) the median glossoepiglottie fold, the two 
lateral glossoepiglottie folds, and the valleenlae on eaeh 


side of the median fold; (3) the npper edge of the 
epiglottis and the opening into the larynx, bonnded in 
front by the epiglottis with its tnberele and laterally by 
the aryepiglottie folds —the ronnded elevations of 
the enneiform and eornienlate eartilages in the folds 
ean be reeognized; (4) the reddish fixed vestibnlar folds; 
(5) the whitish mobile voeal eords; and (6) below the 
glottis the interior of the traehea with the npper two or 
three rings. 



1 
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THE EHEST WAE 


Sternam and l\/larrnw Binpsy 

Sinee the sternnm possesses red hematopoietie marrow 
thronghont life, it is a eommon site for marrow biopsy. 
Under a loeal anesthetie, a wide-bore needle is introdneed 
into the marrow eavity throngh the anterior snrfaee of the 
bone. The sternnm may also be split at operation to allow 
the snrgeon to gain easy aeeess to the heart, great vessels, 
and thymns. 


THE R BS 


Lervieal Rih 




also exert pressnre on the overlying snbelavian artery and 
interfere with the eirenlation of the npper limb. 

Rib Excision 

Rib exeision is eommonly performed by thoraeie snrgeons 
wishing to gain entranee to the thoraeie eavity. A longitndi- 
nal ineision is made throngh the periostenm on the onter 
snrfaee of the rib and a segment of the rib is removed. A see- 
ond longitndinal ineision is then made throngh the bed of 
the rib^ whieh is the inner eovering of periostenm. After the 
operation, the rib regenerates from the osteogenetie layer of 
the periostenm. 

THE INTEREDSTAE 
NERVES 



A eervieal rib (i.e., a rib arising from the anterior tnberele of 
the transverse proeess of the seventh eervieal vertebra) 
oeenrs in abont 0.5% of hnmans (CD Fig. 3-1). It may have 
a free anterior end, may be eonneeted to the first rib by a 
fibrons band, or may artienlate with the first rib. The 
importanee of a eervieal rib is that it ean eanse pressnre on 
the lower trnnk of the braehial plexus in some patients, 
prodneing pain down the medial side of the forearm and 
hand and wasting of the small mnseles of the hand. It ean 


Skin InnervatÌDn ni thE Ehest 
Wall and RefErred Pain 

Above the level of the sternal angle, the entaneons innerva- 
tion of the anterior ehest wall is derived from the snpraelav- 
ienlar nerves (C3 and 4). Below this level, the anterior and 
lateral entaneons branehes of the intereostal nerves snpply 
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scalenus medius 


braehial plexus 


scalenus anterior 


subclavian artery 


eervieal rib 



eervieal rib 


fibrous band 


CD Fìgure 3-1 Thoraeie outlet as 
seen from above. Note the pres- 
enee of the eervieal ribs {blaek) on 
both sides. On the right side of the 
thorax, the rib is almost eomplete 
and articulates anteriorly with the 
first rib. On the left side of the tho- 
rax, the rib is rudimentary but is 
continued forward as a fibrous 
band that is attaehed to the first 
eostal eartilage. Note that the eervi- 
eal rib may exert pressure on the 
lower trunk of the braehial plexus 
and may kinkthe subclavian artery. 


oblique bands of skin in regnlar sequenee. The skin on the 
posterior surfaee of the ehest wall is snpplied by the posterior 
rami of the spinal nerves. The arrangement of the der- 
matomes is shown in CD Fignres 1-2 and 1-3. 

An intereostal nerve snpplies not only areas of skin but 
also the ribs, eostal eartilages, intereostal mnseles, and the 
parietal plenra lining the intereostal spaee. Fnrthermore, 
the seventh to eleventh intereostal nerves leave the thoraeie 
wall and enter the anterior abdominal wall so that they, in 
addition, snpply dermatomes on the anterior abdominal 
wall, mnseles of the anterior abdominal wall, and parietal 
peritoneum. This latter faet is of great elinieal importanee 
beeanse it means that disease in the thoraeie wall may be re- 
vealed as pain in a dermatome that extends aeross the eostal 
margin into the anterior abdominal wall. For example, a 
pnlmonary thromboembolism or pneumonia with plenrisy 
involving the eostal parietal plenra eould give rise to ab- 
dominal pain and tenderness and rigidity of the abdominal 
museulature. The abdominal pain in these instanees is 
ealled referred pain. 

Herpes ZostEr 

Herpes zoster^ or shingles^ is a relatively eommon eondi- 
tion eaused by the reaetivation of the latent varieella-zoster 
virns in a patient who has previously had ehiekenpox. The 
lesion is seen as an inflammation and degeneration of 
the sensory nenron in a eranial or spinal nerve with the for- 
mation of vesieles and inflammation of the skin. In the 
thorax, the first symptom is a band of dermatomal pain in 


the distribntion of the sensory neuron in a thoraeie spinal 
nerve, followed in a few days by a skin ernption. The 
eondition oeenrs most frequently in patients older than 

50 years. 

Anatomy of intereoslal Nerve Bloek 

Area of Anesthesìa 

The skin and the parietal pleura eover the outer and inner 
snrfaees of eaeh intereostal spaee, respeetively; the seventh 
to eleventh intereostal nerves snpply the skin and the pari- 
etal peritonenm eovering the onter and inner snrfaees of the 
abdominal wall, respeetively. Therefore, an intereostal 
nerve bloek will also anesthetize these areas. In addition, the 
periostenm of the adjaeent ribs is anesthetized. 

indìeations 

Intereostal nerve bloek is indieated for repair of laeerations 
of the thoraeie and abdominal walls, for relief of pain in rib 
fraetnres, and to allow pain-free respiratory movements. 

Proeedore 

To prodnee analgesia of the anterior and lateral thoraeie 
and abdominal walls, the intereostal nerve should be 
bloeked before the lateral entaneons braneh arises at the 
midaxillary line. The ribs may be identified by eonnting 
down from the seeond (opposite sternal angle) or up 
from the twelfth. The needle is direeted toward the rib 
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near the lower border (Text Fig. 3-4) and the tip eomes to 
rest near the snbeostal groove, where the loeal anesthetie is 
infiltrated aronnd the nerve. Remember that the order of 
strnetnres lying in the nenrovasenlar bnndle from above 
downward is intereostal vein, artery, and nerve and that 
these strnetnres are sitnated between the posterior inter- 
eostal membrane of the internal intereostal mnsele and 
the parietal plenra. Fnrthermore, laterally the nerve lies 
between the internal intereostal mnsele and the innermost 
intereostal mnsele. 

Anatomy of Complications 

Compheations inelnde pneumothorax and hemorrhage. 

Pneumothorax ean oeenr if the needle point misses 
the snbeostal groove and penetrates too deeply throngh the 
parietal plenra. 

Hemorrhage is eansed by the pnnetnre of the intereostal 
blood vessels. This is a eommon eomplieation, so aspiration 
shonld always be performed before injeeting the anesthetie. 
A small hematoma may resnlt. 

THE BTERNHM, 

RIBS, AND EDSTAE 
EARTIEAGES 

eiiesl Eage DistDrtÌGn 

The shape of the thorax ean be distorted by eongenital 
anomalies of the vertebral eolnmn or by the ribs. Destrne- 
tive disease of the vertebral eolnmn that prodnees lateral 
flexion or seoliosis resnlts in marked distortion of the tho- 
raeie eage. 

eiiest Tranma 

Tranmatie injnry to the thorax is eommon, espeeially as a re- 
snlt of antomobile aeeidents. 

Meehanies of Chest Trauma 

ehest organ injnries from blnnt tranma oeenr as the resnlt 
of rapid aeeeleration or deeeleration, by eompression, or 
by a sndden inerease in intrathoraeie or intraabdominal 
pressnre. A knife wound piereing the ehest wall injnres the 
organs along its path. A bnllet wound does not follow a 
straight path bnt yaws, tnmbles, and may fragmenp eansing 
widespread tissne damage. In addition, the kinetie energy 
generated by a speeding bnllet may damage tissne that is 
distant from the aetnal path of the bnllet. 



Rìb Contusion 

Brnising of a rib, seeondary to tranma, is the most eommon 
rib injnry. In this painfnl eondition^ a small hemorrhage 
oeenrs beneath the periostenm. 

Rìb Fractures 

Fraetnres of the ribs are eommon ehest injnries. In ehil- 
dren, the ribs are highly elastie, and fraetnres in this age 
gronp are therefore rare. Unfortunately, the pliable ehest 
wall in the yonng ean be easily eompressed so that the un- 
derlying Inngs and heart may be injnred. With inereasing 
age, the rib eage beeomes more rigid, owing to the deposit 
of ealeinm in the eostal eartilages, and the ribs beeome 
brittle. The ribs then tend to break at their weakest part, 
their angles. 

The ribs prone to fraetnre are those that are exposed or 
relatively fixed. Ribs five throngh 10 are the most eommonly 
fraetnred ribs. The first fonr ribs are proteeted by the elavi- 
ele and peetoral mnseles anteriorly and by the seapnla and 
its assoeiated mnseles posteriorly. The eleventh and twelfth 
ribs float and move with the foree of impaet. 

Beeanse the rib is sandwiehed between the skin exter- 
nally and the delieate plenra internally, it is not snrprising 
that the jagged ends of a fraetnred rib may penetrate the 
Inngs and present as a pneumothorax. 

Severe loealized pain is nsnally the most important 
symptom of a fraetnred rib. The periostenm of eaeh rib is in- 
nervated by the intereostal nerves above and below the rib. 
To eneonrage the patient to breathe adequately, it may be 
neeessary to relieve the pain by performing an intereostal 
nerve bloek. 

Flail ehest 

In severe ernsh injnries^ a nnmber of ribs may break. If lim- 
ited to one side, the fraetnres may oeenr near the rib angles 
and anteriorly near the eostoehondral jnnetions. This 
eanses flail ehest, in whieh a seetion of the ehest wall is 
diseonneeted to the rest of the thoraeie wall. If the fraetnres 
oeenr on either side of the sternnm, the sternnm may be 
flail. In either ease, the stability of the ehest wall is lost, and 
the flail segment is sneked in dnring inspiration and driven 
ont dnring expiration, prodneing paradoxie and ineffeetive 
respiratory movements (CD Fig. 3-2). 

Fractured Sternum 

The sternnm is a resilient strnetnre that is held in position 
by relatively pliable eostal eartilages and bendable ribs. For 
these reasons, fraetnre of the sternnm is not eommon; how- 
ever, it does oeenr in high-speed motor vehiele aeeidents. 
Remember that the heart lies posterior to the sternnm and 
may be severely eontnsed by the sternnm on impaet. 
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CD Figure 3-2 Flail ehest is a eondition in vvhieh a portion of 
the ehest vvall is dravvn invvard during inspiration and bulges 
outvvard during expiration; it occurs vvhen several ribs are 
fractured in tvvo or nnore plaees. A. On inspiration the frae- 
tured ribs are pulled invvard as the pressure vvithin the ehest 
deereases. The inspired air passing dovvn the traehea tends 
to be dravvn into the lung on the unaffected side. B. On expi- 
ration the fractured ribs are pushed outvvard as the pressure 
vvithin the ehest rises. Note that some of the air in the bronehi 
tends to enter the lung on the affeeted side as vvell as passing 
up the traehea. 


Traumatìc lnjury to the Baek of the 
ehest 

The posterior wall of the ehest in the midline is formed by 
the vertebral eolnmn. In severe posterior ehest injnries, the 
possibility of a vertebral fraetnre with assoeiated injnry to the 


spinal eord shonld be eonsidered. Remember also the pres- 
enee of the seapnla, whieh overlies the npper seven ribs. 
This bone is eovered with mnseles and is fraetnred only in 
eases of severe tranma. 

Traumatic lnjury to the Chest and 
Abdominal Viseera 

When the anatomy of the thorax is reviewed, it is important 
to remember that the npper abdominal organs —namely, 
the liver, stomaeh, and spleen —may be injnred by tranma 
to the rib eage. In faet, any injnry to the ehest below the level 
of the nipple line may involve abdominal organs as well as 
ehest organs. 


THE D APHRAGM 


Hiccup 

Hieenp is the involnntary spasmodie eontraetion of the di- 
aphragm aeeompanied by the approximation of the voeal 
folds and elosnre of the glottis of the larynx. It is a eommon 
eondition in normal individnals and oeenrs after eating or 
drinking as a resnlt of gastrie irritation of the vagns nerve 
endings. It may, however, be a symptom of disease sneh as 
plenrisy, peritonitis, periearditis, or nremia. 

Paralysis of tfiE Diaphragtn 

A single dome of the diaphragm may be paralyzed by 
ernshing or seetioning of the phrenie nerve in the neek. 
This may be neeessary in the treatment of eertain forms of 
Inng tnberenlosis, when the physieian wishes to rest the 
lower lobe of the Inng on one side. Oeeasionally, the eon- 
tribntion from the fifth eervieal spinal nerve joins the 
phrenie nerve late as a braneh from the nerve to the snb- 
elavins mnsele. This is known as the aeeessory phrenie 
nerve. To obtain eomplete paralysis nnder these eirenm- 
stanees, the nerve to the snbelavins mnsele mnst also be 
seetioned. 

Penetrating Injnries of 
tfie Diaphragm 

Penetrating injnries ean resnlt from stab or bnllet wounds 
to the ehest or abdomen. Any penetrating wound to the 
ehest below the level of the nipples shonld be snspeeted 
of eansing damage to the diaphragm nntil proved other- 
wise. The arehing domes of the diaphragm ean reaeh 
the level of the fifth rib (the right dome ean reaeh a 
higher level). 
















The Chest Wall, Chest Cavìty, Lungs, and Pleural Cavìtìes 41 


Rupture ni the Diaphragm 

In severe ernshing injnries to the ehest or abdomen, the di- 
aphragm may rnptnre, nsnally throngh the eentral tendon. 
Herniation of abdominal viseera into the thorax may oeenr, 
espeeially if the left dome of the diaphragm is the site of the 
rnptnre. The rnptnre of the right dome or the eentral tendon 
is nsnally plngged by the large right lobe of the liver, nnless 
the opening is very great. A rnptnred diaphragm, if not re- 
paired, may resnlt in a delayed herniation of abdominal 
eontents. 


In patients with oeelnsive eoronary disease eansed by ather- 
oselerosis, the diseased arterial segment ean be bypassed by 
inserting a graft. The graft most eommonly nsed is the great 
saphenons vein of the leg. In some patients, the my- 
oeardinm ean be revasenlarized by snrgieally mobilizing 
one of the internal thoraeie arteries and joining its distal ent 
end to a eoronary artery. 




Lnngenital Herniae 

Gongenital herniae may oeenr as the resnlt of ineomplete 
fnsion of the septnm transversnm, the dorsal mesentery, and 
the plenroperitoneal membranes from the body wall. The 
herniae oeenr at the following sites: (1) the plenroperitoneal 
eanal (more eommon on the left side; eansed by failnre of 
fnsion of the septnm transversnm with the plenroperitoneal 
membrane), (2) the opening between the xiphoid and eostal 
origins of the diaphragm, and (3) the esophageal hiatns. 



Acguired Herniae 

Aequired herniae may oeenr in middle-aged people with 
weak mnsenlatnre aronnd the esophageal opening in the 
diaphragm. These herniae may be either sliding or parae- 

sophageal (CD Fig. 3-3). 


The Thnraeie Dntlet Syndrames 

The braehial plexus of nerves (C5, 6, 7, and 8 and Tl) and 
the snbelavian artery and vein are elosely related to the 
npper snrfaee of the first rib and the elaviele as they enter 
the npper limb see (see CD Fig. 3-4). It is here that the 


esophagus 



diaphragm 


peritoneum 



/ VhC 


A 


B 


CD Fìgure 3-3 A. Sliding esophageal hernia. B. Parae- 
sophageal hernia. 
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braehial plexus 


first rib 


subclavian artery 
elaviele 


axillary artery 



B 



Qi r^iiìh 


braehial plexus 


subclavian artery 




axillàry artery 


peetoralis 

minor 


CD Fìgure 3-4 Exannples of thoraeie outlet syndrome. A. The relationship betvveen the 
braehial plexus, the subclavian and axillary arteries, the elaviele, the first rib, and the pee- 
toralis minor tendon. B. How the eords of the braehial plexus and the subclavian artery ean 
be squeezed between the elaviele and the first rib in some individuals. C. How the axillary 
artery and the branehes of the braehial plexus might be pressed upon by the peetoralis 
minor tendon when the arm is abducted at the shoulder joint. 


nerves or blood vessels may be eompressed between 
the bones. Most of the symptoms are eansed by pressnre on 
the lower trnnk of the plexus prodneing pain down the me- 
dial side of the forearm and hand and wasting of the small 
mnseles of the hand. Pressnre on the blood vessels may 
eompromise the eirenlation of the npper limb. Examples of 
the thoraeie ontlet syndromes are shown in CD Fig. 3-4. 


The Adson Maneuver 

This manenver was eommonly nsed in making the diagno- 
sis of thoraeie ontlet syndrome; reeently the reliability of the 
test has been questioned. The patient takes a deep breath 
(raises the first rib), extends the neek (takes up the slaek of 
the braehial nerve plexus and snbelavian vessels), and tnrns 
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his or her ehin to the side being examined (narrows the in- 
terval between the sealene mnseles); at the same time the 
pnlse of the radial artery is palpated. Disappearanee or re- 
dnetion of the pnlse, and possibly eoldness and paleness of 
the hand, would indieate that the snbelavian artery is being 
eompressed by the sealene mnseles and/or the first (or eer- 
vieal) rib. In addition to looking for vasenlar eompromise, 
the physieian shonld also look for replieation of the nerve 
symptoms down the arm. 

LYMPH DRAINAGE 
DF THE THDRAEIE 
WAEE 

The lymph drainage of the skin of the anterior ehest wall 
passes to the anterior axillary lymph nodes; that from the 
posterior ehest wall passes to the posterior axillary nodes 
(CD Fig. 3-5). The lymph drainage of the intereostal spaees 
passes forward to the internal thoraeie nodes, sitnated along 
the internal thoraeie artery, and posteriorly to the posterior 
intereostal nodes and the paraaortie nodes in the posterior 
mediastinnm. The lymphatie drainage of the breast is 
deseribed in the next seetion. 


THE RREASTS 


Witchs Milk in the NEwbDrn 

While the fetns is in the nterns, the maternal and plaeental 
hormones eross the plaeental barrier and eanse proliferation 




of the dnet epithelinm and the snrronnding eonneetive tis- 
sne. This proliferation may eanse swelhng of the mammary 
glands in both sexes dnring the first week of life; in some 
eases a milky flnid, ealled witeh's milk, may be expressed 
from the nipples. The eondition is resolved spontaneonsly as 
the maternal hormone levels in the ehild fall. 

Dreast Eiaminatinn 

The breast is one of the eommon sites of eaneer in women. 
It is also the site of different types of benign tnmors and may 
be snbjeet to aente inflammation and abseess formation. 
For these reasons^ elinieal personnel mnst be familiar 
with the developmenh strnetnre, and lymph drainage of 
this organ. 

With the patient nndressed to the waist and sitting up- 
righh the breasts are first inspeeted for symmetry. Some de- 
gree of asymmetry is eommon and is the resnlt of unequal 
breast development. Any swelling shonld be noted. A 
swelhng ean be eansed by an nnderlying tnmor, eysh or ab- 
seess formation. The nipples shonld be earefnlly examined 
for evidenee of retraetion. A eareinoma within the breast 
snbstanee ean eanse retraetion of the nipple by pnlling on 
the laetiferons dnets. The patient is then asked to lie down 
so that the breasts ean be palpated against the nnderlying 
thoraeie wall. Finally, the patient is asked to sit up again and 
raise both arms above her head. With this manenver, a ear- 
einoma tethered to the skin, the snspensory ligaments, or 
the laetiferons dnets prodnees dimpling of the skin or re- 
traetion of the nipple. 

Mammngraphy 

Mammography is a radiographie examination of the breast 
(CD Fig. 3-6). This teehnique is extensively nsed for sereen- 
ing the breasts for benign and malignant tnmors and eysts. 



ìnguìnal 

lymph 

nodes 


CD Fìgure 3-5 Lymph drainage of the skin of the 
thorax and abdomen. Note that levels of the umbili- 
cus anteriorly and iliae erests posteriorly may be 
regarded as vvatersheds for lymph flovv. 
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glandular tissue supported 
by eonneetive tissue 


CD Fìgure 3-6 Medioldteral 
nnannnnogrann shovving the glan- 
dular tissue supported by the 
eonneetive tissue septa. 


Extremely low doses of x-rays are used so that the dangers are 
minimal and the examination ean be repeated often. Its sne- 
eess is based on the faet that a lesion measnring only a few 
millimeters in diameter ean be deteeted long before it is felt 
by elinieal examination. 

SupernuinErary and 
Reiraeted Nipples 

Snpernnmerary nipples oeeasionally oeenr along a line ex- 
tending from the axilla to the groin; they may or may not be 
assoeiated with breast tissiie. This minor eongenital anomaly 


may resiilt in a mistaken diagnosis of warts or moles. A long- 
standing retraeted nipple is a eongenital deformity eaiised by 
a failnre in the eomplete development of the nipple. A re- 
traeted nipple of reeent oeenrrenee is iisiially eansed by an 
nnderlying eareinoma piilling on the laetiferoiis diiets. 

The importanee of FihrDus Septa 

The interior of the breast is divided into 15 to 20 eompart- 
ments that radiate from the nipple by fibroiis septa that ex- 
tend from the deep siirfaee of the skin. Eaeh eompartment 
eontains a lobe of the gland. Normally, the skin feels 
eompletely mobile over the breast siibstanee. However, 
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should the fibrous septa beeome involved in a seirrhons ear- 
einoma or in a disease sueh as a breast abseess, whieh resnlts 
in the prodnetion of eontraeting fibrons tissne, the septa will 
be pulled on, eausing dimpling of the skin. The fibrous 
septa are sometimes referred to as the snspensory ligaments 
of the mammary gland. 

An aente infeetion of the mammary gland may oeenr 
during laetation. Pathogenie baeteria gain entranee to the 
breast tissne through a eraek in the nipple. Beeause of 
the presenee of the fibrous septa, the infeetion remains 
loealized to one eompartment or lobe in the beginning. 
Abseesses shonld be drained throngh a radial ineision to 
avoid spreading of the infeetion into neighboring eompart- 
ments; a radial ineision also minimizes the damage to the 
radially arranged duets. 

Lymph Drainage and Dareinnma 
nf the Dreast 

The importanee of knowing the lymph drainage of the 
breast in relation to the spread of eaneer from that organ 
eannot be overemphasized. The lymph vessels from the 
medial quadrants of the breast pieree the seeond, third, 
and fonrth intereostal spaees and enter the thorax to drain 
into the lymph nodes alongside the internal thoraeie 
artery. The lymph vessels from the lateral quadrants of the 
breast drain into the anterior or peetoral group of axillary 
nodes. It follows, therefore, that a eaneer oeeurring in the 
lateral quadrants of the breast tends to spread to the axillary 
nodes. Thoraeie metastases are diffienlt or impossible to 
treap bnt the lymph nodes of the axilla ean be removed 
surgieally. 

Approximately 60% of eareinomas of the breast oeeur 
in the upper lateral quadrant. The lymphatie spread of 
eaneer to the opposite breash to the abdominal eavity, or 
into lymph nodes in the root of the neek is eansed by 
obstrnetion of the normal lymphatie pathways by malig- 
nant eells or destrnetion of lymph vessels by snrgery or 
radiotherapy. The eaneer eells are swept along the lymph 
vessels and follow the lymph stream. The entranee of ean- 
eer eells into the blood vessels aeeonnts for the metastases 
in distant bones. 

In patients with loealized eaneer of the breash most snr- 
geons do a simple masteetomy or a lumpeetomy, followed 
by radiotherapy to the axillary lymph nodes and/or hormone 
therapy. In patients with loealized eaneer of the breast with 
early metastases in the axillary lymph nodes, most anthori- 
ties agree that radieal masteetomy offers the best ehanee of 
enre. In patients in whom the disease has already spread be- 
yond these areas (e.g., into the thorax), simple masteetomy, 
followed by radiotherapy or hormone therapy, is the treat- 
ment of ehoiee. 

Radieal masteetomy is designed to remove the primary 
tnmor and the lymph vessels and nodes that drain the area. 


This means that the breast and the assoeiated strnetnres eon- 
taining the lymph vessels and nodes mnst be removed en 
bloe. The exeised mass is therefore made up of the follow- 
ing: a large area of skin overlying the tnmor and inelnding 
the nipple; all the breast tissue; the peetoralis major and 
assoeiated faseia through whieh the lymph vessels pass to the 
internal thoraeie nodes; the peetoralis minor and assoeiated 
faseia related to the lymph vessels passing to the axilla; all 
the fah faseia, and lymph nodes in the axilla; and the faseia 
eovering the upper part of the reetns sheath, the serratns 
anterior, the subseapularis, and the latissimns dorsi mnseles. 
The axillary blood vessels, the braehial plexus, and the 
nerves to the serratns anterior and the latissimns dorsi are 
preserved. Some degree of postoperative edema of the arm 
is likely to follow sueh a radieal removal of the lymph vessels 
draining the upper limb. 

A modified form of radieal masteetomy for patients with 
elinieally loealized eaneer is also a eommon proeedure and 
eonsists of a simple masteetomy in whieh the peetoral mns- 
eles are left intaet. The axillary lymph nodes, fat, and faseia 
are removed. This proeednre removes the primary tnmor 
and permits pathologie examination of the lymph nodes for 
possible metastases. 

mNGENITAL 

ANDMALIES DF 
THE BREA5T 

Polythelia 

Snpernnmerary nipples oeeasionally oeeur along a line eor- 
responding to the position of the milk ridge. They are liable 
to be mistaken for moles. 

RetraetEd Nipple or invertBd NippÌB 

Retraeted nipple is a failnre in the development of the nip- 
ple during its later stages. It is important elinieally, beeause 
normal snekling of an infant eannot take plaee, and the nip- 
ple is prone to infeetion. 

MierDinastia 

An exeessively small breast on one side oeeasionally oeeurs, 
resnlting from laek of development. 

Maernniastia 

Diffnse hypertrophy of one or both breasts oeeasionally oe- 
enrs at puberty in otherwise normal girls. 
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Gyneeomastia 

Unilateral or bilateral enlargement of the male breast oeea- 
sionally oeenrs, nsnally at pnberty. The eanse is unknown, 
bnt the eondition is probably related to some form of hor- 
monal imbalanee. 


THE MED AST NHM 


DenEetian oi Mediastinnm 

In the eadaver, the mediastinnm, as the resnlt of the hard- 
ening effeet of the preserving flnids^ is an inflexible^ fixed 
strnetnre. In the living, it is very mobile; the Inngs, heart, 
and large arteries are in rhythmie pnlsation, and the esoph- 
agns distends as eaeh bolns of food passes throngh it. 

If air enters the plenral eavity (a eondition ealled pneu- 
mothorax), the Inng on that side immediately eollapses and 
the mediastinnm is displaeed to the opposite side. This eon- 
dition reveals itself by the patienfs being breathless and in a 
state of shoek; on examination, the traehea and the heart are 
fonnd to be displaeed to the opposite side. 

Mediastinitis 

The strnetnres that make up the mediastinnm are embed- 
ded in loose eonneetive tissne that is eontinnons with that of 
the root of the neek. Thns, it is possible for a deep infeetion 
of the neek to spread readily into the thorax, prodneing a 
mediastinitis. Penetrating wounds of the ehest involving the 
esophagns may prodnee a mediastinitis. In esophageal per- 
forations, air eseapes into the eonneetive tissne spaees and 
aseends beneath the faseia to the root of the neek, prodne- 
ing snbentaneons emphysema. 

Mediaslinal Tnmnrs or Gysts 

Beeanse many vital strnetnres are erowded together within 
the mediastinnm, their fnnetions ean be interfered with by 
an enlarging tnmor or organ. A tnmor of the left Inng ean 
rapidly spread to involve the mediastinal lymph nodes, 
whieh on enlargement may eompress the left reenrrent la- 
ryngeal nerve, prodneing paralysis of the left voeal fold. An 
expanding eyst or tnmor ean partially oeelnde the snperior 
vena eava, eansing severe eongestion of the veins of the up- 
per part of the body. Other pressnre effeets ean be seen on 
the sympathetie trnnks, phrenie nerves, and sometimes the 
traehea, main bronehi, and esophagns. 

MediaslinGseopy 

Mediastinoseopy is a diagnostie proeednre whereby speei- 
mens of traeheobronehial lymph nodes are obtained without 



opening the plenral eavities. A small ineision is made in the 
midline in the neek jnst above the snprasternal noteh, and 
the snperior mediastinnm is explored down to the region of 
the bifnreation of the traehea. The proeednre ean be nsed to 
determine the diagnosis and degree of spread of eareinoma 
of the bronehns. 


THE PEEDRA 


Plenral Flmd 

The plenral spaee normally eontains 5 to 10 mL of elear 
flnid, whieh Inbrieates the apposing snrfaees of the viseeral 
and parietal plenrae dnring respiratory movements. The 
formation of the flnid resnlts from hydrostatie and osmotie 
pressnres. Sinee the hydrostatie pressnres are greater in the 
eapillaries of the parietal plenra than in the eapillaries of 
the viseeral plenra (pnlmonary eirenlation), the plenral 
flnid is normally absorbed into the eapillaries of the vis- 
eeral plenra. Any eondition that inereases the prodnetion 
of the flnid (e.g., inflammation, malignaney, eongestive 
heart disease) or impairs the drainage of the flnid (e.g., eol- 
lapsed Inng) resnlts in the abnormal aeenmnlation of flnid, 
ealled a plenral effnsion. The presenee of 300 mL of flnid 
in the eostodiaphragmatie reeess in an adnlt is snffieient to 
enable its elinieal deteetion. The elinieal signs inelnde de- 
ereased Inng expansion on the side of the effnsion, with 
deereased breath sonnds and dnllness on perenssion over 
the effnsion. 

Plenrisy 

Inflammation of the plenra (plenritis or plenrisy), see- 
ondary to inflammation of the Inng (e.g., pnenmonia), 
resnlts in the plenral snrfaees beeoming eoated with inflam- 
matory exudate, eansing the snrfaees to be ronghened. This 
ronghening prodnees frietion, and a plenral rnb ean be 
heard with the stethoseope on inspiration and expiration. 
Often the exudate beeomes invaded by fibroblasts, whieh 
lay down eollagen and bind the viseeral plenra to the pari- 
etal plenra, forming plenral adhesions. 

PneuniDthDrax 

As a resnlt of disease or injnry (stab or gnnshot wounds), air 
ean enter the plenral eavity from the Inngs or throngh the 
ehest wall (pneumothorax). 

Spontaneous Pneumothorax 

A spontaneons pneumothorax is a eondition in whieh air 
enters the plenral eavity snddenly without its eanse being 
immediately apparent. After investigation, it is nsnally fonnd 
that air has entered from a diseased Inng and a bnlla (bleb) 
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has ruptured. The resulting signs of pneumothorax are ab- 
sent or diminished breath sonnds over the affeeted Inng and 
defleetion of the traehea to the opposite side. 

Open Pneumothorax 

Open pneumothorax oeenrs when the air enters the plenral 
eavity throngh an opening in the ehest wall and may resnlt 
from stab or bnllet wounds (CD Fig. 3-7). Sneking pnen- 
mothorax oeenrs when the hole in the ehest wall is larger 
than the glottis. With eaeh inspiration the negative pressnre 
ereated is more effeetive at sneking air in throngh the ehest 
wound than air entering throngh the glottis; this prodnees a 
sneking sonnd. The Inng eannot be expanded, and respira- 
tion is eompromised. 

Tensìon Pneumothorax 

Tension pneumothorax oeenrs when air is sneked into the 
plenral eavity throngh a ehest wound with eaeh inspiration 
bnt does not eseape (CD Fig. 3-8). This ean oeenr as the 
resnlt of elothing and/or the layers of the ehest wall eom- 
bining to form a valve so that air enters on inspiration bnt 
eannot exit throngh the wound. In these eirenmstanees, 
the air pressnre bnilds up on the wounded side and pnshes 
the mediastinnm progressively over to the opposite side. 
Beeanse of the anatomie thin walls of the great veins (vena 
eavae) and the atria of the heart, the inerease in air pres- 
snre within the ehest eavity interferes with blood retnrn 
to the heart; the patient may die beeanse of laek of venons 
retnrn. The elinieal signs are hypertension^ hyperreso- 
nanee to perenssion on the affeeted side, the engorgement 
of the neek veins, and the evidenee of mediastinal deflee- 
tion. Eventnally, hypotension (seeondary to laek of venons 
retnrn) resnlts. The treatment is immediate deeompres- 
sion of the affeeted side by the insertion of a needle thora- 
eostomy. 

Fluid in the Pleural Cavity 

Pleural Effusion 

The presenee of flnid in the eavity is referred to as a plenral 
effnsion. Flnid (serons, blood, or pns) ean be drained from 
the plenral eavity throngh a wide-bore needle, as deseribed 
later in this seetion. 

Hydropneumothorax 

Air in the plenral eavity assoeiated with serons flnid is 
known as hydropneumothorax. 

Pyopneumothorax 

Air in the plenral eavity assoeiated with pus is known as 
pyopneumothorax. 



CD Fìgure 3-7 Open pneumothorax without tension. A. On 
inspiration air is drawn in through the wound in the ehest 
wall at atmospherie pressure, and the lung partially or eom- 
pletely eollapses (depending on the size of the hole in the 
ehest wall) from its own inherent elastieity; the mediastinum 
is defleeted to the opposite side. B. On expiration air passes 
out of the ehest wound as the diaphragm rises and the 
mediastinum is defleeted to the same side. With large ehest 
openings (larger than the eross-seetional area of traehea), air 
will preferentially use the hole in the ehest wall rather than 
passing up and down the traehea, and respiratory ventilation 
will eease. 
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CD Figure 3-8 Tension pneumothorax. A. Follovving penetration of the ehest vvall, eloth- 
ing and/or tissue ereate a valve-like meehanism that permits air entry into the pleural spaee 
during inspiration but prevents exit during expiration. B. The lung eollapses on the 
vvounded side and the buildup of air pressure vvith eaeh respiration causes severe deflee- 
tion of the mediastinum to the opposite side. C. Spontaneous pneumothorax vvith air 
entering the pleural spaee through a ruptured bulla; the lung eollapses and the mediastinum 
is defleeted to the opposite side. 


Hemopneumothorax Empyema 

Air in the plenral eavity assoeiated with blood is known as A eolleetion of pns (without air) within the plenral eavity 
hemopneumothorax. ealled an empyema. 
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PDSITIDN DF 
THDRAeie AND 
DPPER ABDDMINAL 
VISLERA DDRIND 
DIFFERENT PHASES 
DF RESPIRATIDN 

It is important to remember that the plenra, Inngs, and heart 
in the ehest eavity, and the npper abdominal viseera in the 
abdominal eavity, move extensively dnring the different 
phases of respiration. This movement largely resnlts from 
the rising and falling of the diaphragm. It is partienlarly 
important when trying to work ont the path taken by a sharp 
instrnment or bnllet following penetrating wounds to the 
lower ehest. 



RDDT DF THE NEEK 
INJDRIES 

The eervieal dome of the parietal plenra and the apex of the 
Inngs extend into the neek so that at their highest point 
they lie abont 1 in. (2.5 em) above the elavieles (see text 
Fig. 3-51). Consequently, they are vnlnerable to stab 
wounds in the root of the neek. 

TRADMATie 
ASPHYXIA 




EARDIDPDLMDNARY 
RESDSeiTATIDN 

Gardiopnlmonary resnseitation (CPR), aehieved by eompres- 
sion of the ehest, was originally believed to sneeeed beeanse 
of the eompression of the heart between the sternnm and the 
vertebral eolnmn. Now it is reeognized that the blood flows in 
CPR beeanse the whole thoraeie eage is the pnmp; the heart 
fnnetions merely as a eondnit for blood. An extrathoraeie 
pressnre gradient is ereated by external ehest eompressions. 
The pressnre in all ehambers and loeations within the ehest 
eavity is the same. With eompression, blood is foreed ont of 
the thoraeie eage. The blood preferentially flows ont the arte- 
rial side of the eirenlation and baek down the venons side be- 
eanse the venons valves in the internal jngnlar system prevent 
a nseless oseillatory movement. With the release of eompres- 
sion, blood enters the thoraeie eage, preferentially down the 
venons side of the systemie eirenlation. 


THE LHEST WAL 


ThoraeoeentEsis 

Needle Thoraeostomy 

A needle thoraeostomy is neeessary in patients with tension 
pneumothorax (air in the plenral eavity nnder pressnre) or to 
drain flnid (blood or pns) away from the plenral eavity to al- 
low the Inng to reexpand. It may also be neeessary to withdraw 
a sample of plenral flnid for mierobiologie examination. 

Anterior Approaeh 

For the anterior approaeh, the patient is in the snpine posi- 
tion. The sternal angle is identified, and then the seeond 
eostal eartilage, the seeond rib, and the seeond intereostal 
spaee are fonnd in the midelavienlar line. 




The sndden eaving in of the anterior ehest wall assoeiated 
with fraetnres of the sternnm and ribs eanses a dramatie rise 
in intrathoraeie pressnre. Apart from the immediate evi- 
denee of respiratory distress, the anatomy of the venons 
system plays a signifieant role in the prodnetion of the ehar- 
aeteristie vasenlar signs of tranmatie asphyxia. The thinness 
of the walls of the thoraeie veins and the right atrinm of the 
heart eanses their eollapse nnder the raised intrathoraeie 
pressnre, and venons blood is dammed baek in the veins of 
the neek and head. This prodnees venons eongestion; 
bnlging of the eyes, whieh beeome injeeted; and swelling of 
the lips and tongne, whieh beeome eyanotie. The skin of the 
faee, neek, and shonlders beeomes pnrple. 


Lateral Approaeh 

For the lateral approaeh, the patient is lying on the lateral 
side. The seeond intereostal spaee is identified as above, bnt 
the anterior axillary line is nsed. 

The skin is prepared in the nsnal way, and a loeal anes- 
thetie is introdneed along the eonrse of the needle above the 
npper border of the third rib. The thoraeostomy needle will 
pieree the following strnetnres as it passes throngh the ehest 
wall (see text Fig. 3-4): (a) skin, (b) snperfieial faseia (in the 
anterior approaeh the peetoral mnseles are then penetrated), 
(e) serratns anterior mnsele, (d) external intereostal mnsele, 
(e) internal intereostal mnsele, (f) innermost intereostal mns- 
ele, (g) endothoraeie faseia, and (h) parietal plenra. 
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The needle shonld be kept elose to the npper border of 
the third rib to avoid injnring the intereostal vessels and 
nerve in the snbeostal groove. 

TubB Thoraeostomy 

The preferred insertion site for a tnbe thoraeostomy is the 
fonrth or fifth intereostal spaee at the anterior axillary line 
(CD Fig. 3-9). The tnbe is introdneed throngh a small inei- 
sion. The nenrovasenlar bnndle ehanges its relationship to 
the ribs as it passes forward in the intereostal spaee. In the 
most posterior part of the spaee, the bnndle lies in the mid- 
dle of the intereostal spaee. As the bnndle passes forward to 
the rib angle, it beeomes elosely related to the lower border 


of the rib above and maintains that position as it eonrses 
forward. 

The introdnetion of a thoraeostomy tnbe or needle 
throngh the lower intereostal spaees is possible provided that 
the presenee of the domes of the diaphragm is remembered 
as they enrve upward into the rib eage as far as the fifth rib 
(higher on the right). Avoid damaging the diaphragm and 
entering the peritoneal eavity and injnring the liver, spleen, 
or stomaeh. 

TharaeDtDmy 

In patients with penetrating ehest wounds with nneon- 
trolled intrathoraeie hemorrhage, thoraeotomy may be a 
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CD Fígure 3-9 Tube thoraeostomy. A. The site for insertion of the tube at the anterior ax- 
illary line. The skin ineision is usually made over the intereostal spaee one belovv the spaee 
to be piereed. B. The various layers of tissue penetrated by the sealpel and later the tube as 
they pass through the ehest wall to enter the pleural eavity (spaee). The ineision through the 
intereostal spaee is kept elose to the upper border of the rib to avoid injuring the intereostal 
vessels and nerve. C. The tube advaneing superiorly and posteriorly in the pleural spaee. 
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life-saving proeednre. After preparing the skin in the nsnal 
way^ the physieian makes an ineision over the fonrth or fifth 
intereostal spaee, extending from the lateral margin of the 
sternnm to the anterior axillary line (CD Fig. 3-10). 
Whether to make a right or left ineision depends on the site 
of the injnry. For aeeess to the heart and aorta, the ehest 
shonld be entered from the left side. The following tissnes 
will be ineised (see CD Fig. 3-9): (a) skin, (b) snbentaneons 
tissne, (e) serratns anterior and peetoral mnseles, (d) exter- 
nal intereostal mnsele and anterior intereostal membrane, 
(e) internal intereostal mnsele, (f) innermost intereostal 
mnsele, (g) endothoraeie faseia, and (h) parietal plenra. 

Avoid the internal thoraeie artery, whieh rnns vertieally 
downward behind the eostal eartilages abont a fingerbreadth 
lateral to the margin of the sternnm, and the intereostal ves- 
sels and nerve, whieh extend forward in the snbeostal groove 
in the npper part of the intereostal spaee (see CD Fig. 3-9). 

THE TRAEHEA AND 

PRINEIPAE 
RRDNEHI 



peannts, and parts of ehieken bones and toys have all fonnd 
their way into the bronehi. Parts of teeth may be inhaled 
while a patient is nnder anesthesia dnring a diffienlt dental 
extraetion. Beeanse the right bronehns is the wider and 
more direet eontinnation of the traehea (see text Fig. 3-22), 
foreign bodies tend to enter the right instead of the left 
bronehns. From there, they nsnally pass into the middle or 
lower lobe bronehi. 

DrDndiDseopy 

Bronehoseopy enables a physieian to examine the interior of 
the traehea; its bifnreation, ealled the earina; and the main 

bronehi (CD Figs. 3-11 and 3-12). With experienee, it is 

possible to examine the interior of the lobar bronehi and the 
beginning of the first segmental bronehi. By means of this 
proeednre, it is also possible to obtain biopsy speeimens of 
mneons membranes and to remove inhaled foreign bodies 
(even an open safety pin). 


THE LDNGS 


e iniea EiaminatÌDD di tliE Lhest 



LDmprEssÌDn di thE TraehEa 

The traehea is a membranons tnbe kept patent nnder normal 
eonditions by U-shaped bars of eartilage. In the neek, a nni- 
lateral or bilateral enlargement of the thyroid gland ean eanse 
gross displaeement or eompression of the traehea. A dilatation 
of the aortie areh (anenrysm) ean eompress the traehea. With 
eaeh eardiae systole the pnlsating anenrysm may tng at the 
traehea and left bronehns, a elinieal sign that ean be felt by 
palpating the traehea in the snprasternal noteh. 

Traeheitis di BiDnehitis 


The mneosa lining the traehea is innervated by the reenr- 
rent laryngeal nerve and, in the region of its bifnreation, by 
the pnlmonary plexus. A traeheitis or bronehitis gives rise to 
a raw, bnrning sensation felt deep to the sternnm instead of 
aetnal pain. Many thoraeie and abdominal viseera, when 
diseased, give rise to diseomfort that is felt in the midline. It 
seems that organs possessing a sensory innervation that is not 
nnder normal eonditions direetly relayed to eonseionsness 
display this phenomenon. The afferent fibers from these or- 
gans traveling to the eentral nervons system aeeompany au- 
tonomie nerves. 


iDhaled FDrEÌgD BDdÌES 

Inhalation of foreign bodies into the lower respiratory traet 
is eommon, espeeially in ehildren. Pins, serews, nnts, bolts, 


As medieal personnel, yon will be examining the ehest to 
deteet evidenee of disease. Yonr examination eonsists of in- 
speetion, palpation, perenssion, and ansenltation. 

inspeetion shows the eonfignration of the ehest, 
the range of respiratory movement, and any inequahties on 
the two sides. The type and rate of respiration are also 
noted. 

Palpation enables the physieian to eonfirm the impres- 
sions gained by inspeetion, espeeially of the respiratory 
movements of the ehest wall. Abnormal protnberanees or re- 
eession of part of the ehest wall is noted. Abnormal pnlsa- 
tions are felt and tender areas deteeted. 

Perenssion is a sharp tapping of the ehest wall with 
the fingers. This prodnees vibrations that extend throngh 
the tissnes of the thorax. Air-eontaining organs sneh as the 
Inngs prodnee a resonant note; eonversely, a more solid 
visens sneh as the heart prodnees a dnll note. With prae- 
tiee, it is possible to distingnish the Inngs from the heart or 
liver by perenssion. 

Ansenltation enables the physieian to listen to the 
breath sonnds as the air enters and leaves the respiratory 
passages. Shonld the alveoli or bronehi be diseased and 
filled with flnid, the natnre of the breath sonnds will be al- 
tered. The rate and rhythm of the heart ean be eonfirmed 
by ansenltation, and the varions sonnds prodneed by the 
heart and its valves dnring the different phases of the ear- 
diae eyele ean be heard. It may be possible to deteet frie- 
tion sonnds prodneed by the rnbbing together of diseased 
layers of plenra or perieardinm. 
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CD Fìgure 3-10 Left thoraeotonny. A. Site of skin ineision over fourth or fifth intereostal 
spaee. B. The exposed ribs and assoeiated nnuscles. The line of ineision through the inter- 
eostal spaee should be plaeed elose to the upper border of the rib to avoid injuring the inter- 
eostal vessels and nerve. C. The pleural spaee opened and the left side of the nnediastinunn 
exposed. The left phrenie nerve deseends over the pericardiunn beneath the nnediastinal 
pleura. The eollapsed left lung nnust be pushed out of the way to visualize the nnediastinunn. 
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CD Fìgure 3-11 The bifurcation of the traehea as seen 
through an operating bronehoseope. Note the ridge of the ea- 
rina seen in the eenter and the opening into the right main 
bronchus on the right, vvhieh is a more direet continuation of 
the traehea. (Courtesy of E.D. Andersen.) 



CD Fìgure 3-12 The interior of the left main bronchus as 
seen through an operating bronehoseope. The openings into 
the left upper lobe bronchus and its division and the left lovver 
lobe bronchus are indieated. (Courtesy of E. D. Andersen.) 


To make these examinations, the physieian mnst be 
familiar with the normal strnetnre of the thorax and mnst 
have a mental image of the normal position of the Inngs and 
heart in relation to identifiable snrfaee landmarks. Fnrther- 
more, it is essential that the physieian be able to relate any 
abnormal findings to easily identifiable bony landmarks so 
that he or she ean aeenrately reeord and eommnnieate them 
to eolleagnes. 

Sinee the thoraeie wall aetively partieipates in the 
movements of respiration^ many bony landmarks ehange 
their levels with eaeh phase of respiration. In praetiee, to sim- 
plify matters, the levels given are those nsnally fonnd at abont 
midway between fnll inspiration and fnll expiration. 

For physieal examination of the patient, it is good to 
remember that the npper lobe of the Inngs is most easily 
examined from the front of the ehest and the lower lobe 
from the baek. In the axilla, areas of all three lobes ean be 
examined (see text Fig. 3-53). 



A physieian mnst always remember that the apex of the Inng 
projeets up into the neek (1 in. [2.5 em] above the elaviele) 
and ean be damaged by stab or bnllet wounds in this area. 


Fraetnred nihs and the Lnngs 

Althongh the Inngs are well proteeted by the bony thoraeie 
eage, a splinter from a fraetnred rib ean nevertheless pene- 
trate the Inng, and air ean eseape into the plenral eavity, 
eansing a pneumothorax and eollapse of the Inng. It ean also 
find its way into the Inng eonneetive tissne. From there, the 
air moves nnder the viseeral plenra nntil it reaehes the Inng 
root. It then passes into the mediastinnm and up to the neek. 
Here, it may distend the snbentaneons tissne, a eondition 
known as subcutaneous emphysema. 

The ehanges in the position of the thoraeie and npper 
abdominal viseera and the level of the diaphragm dnring 
different phases of respiration relative to the ehest wall are of 
eonsiderable elinieal importanee. A penetrating wound in 
the lower part of the ehest may or may not damage abdomi- 
nal viseera, depending on the phase of respiration at the 
time of injnry. 


Pain and Lnng Disease 

Lnng tissne and the viseeral plenra are devoid of pain- 
sensitive nerve endings, so that pain in the ehest is always 
the resnlt of eonditions affeeting the snrronnding strne- 
tnres. In tnberenlosis or pnenmonia, for example, pain 
may never be experieneed. 

Onee Inng disease erosses the viseeral plenra and the 
plenral eavity to involve the parietal plenra, pain beeomes a 
prominent featnre. Lobar pnenmonia with plenrisy, for 
example, prodnees a severe tearing pain, aeeentnated by 
inspiring deeply or eonghing. Beeanse the lower part of the 
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eostal parietal pleura reeeives its sensory innervation from 
the lower five intereostal nerves, whieh also innervate the 
skin of the anterior abdominal wall, plenrisy in this area 
eommonly prodiiees pain that is referred to the abdomen. 
This has sometimes resnlted in a mistaken diagnosis of an 
aente abdominal lesion. 

In a similar manner, plenrisy of the eentral part of the 
diaphragmatie plenra, whieh reeeives sensory innervation 
from the phrenie nerve (C3, 4, and 5), ean lead to referred 
pain over the shonlder beeanse the skin of this region is snp- 
plied by the siipraelavieiilar nerves (C3 and 4). 

5urgical Aeeess to Ihe Lungs 

Snrgieal aeeess to the Inngs or mediastinnm is eommonly 
nndertaken throngh an intereostal spaee. Speeial rib retrae- 
tors that allow the ribs to be widely separated are nsed. The 
eostal eartilages are siiffieiently elastie to permit eonsider- 
able bending. Cood exposure of the lungs is obtained by this 
method. 

Begmenlal Reseelinn nf Ihe Lung 

A loealized ehronie lesion sueh as that of tnberenlosis or a 
benign neoplasm may require surgieal removal. If it is re- 
strieted to a bronehopulmonary segment, it is possible to 
earefnlly disseet out a partieular segment and remove it, 
leaving the surrounding Inng intaet. Segmental reseetion re- 
quires that the radiologist and thoraeie snrgeon have a 
sonnd knowledge of the bronehopnlmonary segments and 
that they eooperate fnlly to loealize the lesion aeenrately be- 
fore operation. 

Pulmnnary Cnnlusinn 

This eondition is eaused by a sudden rapid eompression of 
the ehest wall and underlying Inng. It may be prodneed by 
blunt tranma or gnnshot wounds. Beeanse of the pliability 
of the ehest wall in ehildren, Inng eontnsion is often 
present in the absenee of rib fraetures. The loealized 
endothelial damage to the eapillaries resnlts in the transu- 
dation of flnid into the Inng parenehyma, thns eompro- 
mising Inng fnnetion. In eases of blunt trauma, the area of 
damage to the Inng will depend on the site of impaet 
and will not be determined by anatomie snbdivisions of 
the Inng. 

TraeliEnbrnnehial lnjury 

The Inng root is the site where the mobile Inng is eonneeted 
by the main bronehi to the relatively fixed lower end of the 
traehea. It is not snrprising, therefore, to find that when a 
rapid deeeleration or shearing foree is applied to the Inngs, 
injnries oeenr to the bronehi. In the majority of patients, the 
tear oeenrs within I in. of the earina. 


Brnnehngenie Carcinnma 

Bronehogenie eareinoma aeeonnts for abont one third of all 
eaneer deaths in men and is beeoming inereasingly eommon 
in women. It eommenees in most patients in the mueous 
membrane lining the larger bronehi and is therefore sitnated 
elose to the hilnm of the Inng. The neoplasm rapidly spreads 
to the traeheobronehial and bronehomediastinal nodes and 
may involve the reeurrent laryngeal nerves, leading to hoarse- 
ness of the voiee. Lymphatie spread via the bronehomediasti- 
nal trnnks may resnlt in early involvement in the lower deep 
eervieal nodes jnst above the level of the elaviele. Hematoge- 
nous spread to bones and the brain eommonly oeeurs. 

CnnditÌDns That DBerBase 

RBspiratnry Effieieney 


Constrictìon of the Bronehì (Bronehìal 
Asthma) 

One of the problems assoeiated with bronehial asthma is the 
spasm of the smooth mnsele in the wall of the bronehioles. 
This partienlarly rednees the diameter of the bronehioles 
dnring expiration, nsnally eansing the asthmatie patient to 
experienee great diffienlty in expiring, althongh inspiration is 
aeeomplished normally. The Inngs eonsequently beeome 
greatly distended and the thoraeie eage beeomes perma- 
nently enlarged, forming the so-ealled barrel ehest. In addi- 
tion, the air flow throngh the bronehioles is fnrther impeded 
by the presenee of exeess mnens, whieh the patient is nnable 
to elear beeanse an effeetive eongh eannot be prodneed. 


Loss of Lung Elastìeìty 

Many diseases of the Inngs, sueh as emphysema and pul- 
monary fibrosis, destroy the elastieity of the Inngs, and thns 
the Inngs are nnable to reeoil adequately, eausing ineom- 
plete expiration. The respiratory mnseles in these patients 
have to assist in expiration, whieh no longer is a passive 
phenomenon. 


Loss of Lung Distensibility 

Diseases sneh as silieosis, asbestosis, eaneer, and pneumo- 
nia interfere with the proeess of expanding the Inng in 
inspiration. A deerease in the eomplianee of the Inngs 
and the ehest wall then oeenrs, and a greater effort has to 
be nndertaken by the inspiratory mnseles to inflate the Inngs. 

Pnstnral Drainage 

Exeessive aeeumulation of bronehial seeretions in a lobe or 
segment of a Inng ean serionsly interfere with the normal 
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CD Fìgure 3-13 Different types 
of esophageal atresia and tra- 
eheoesophageal fistula. A. Conn- 
plete bloekage of the esophagus 
with a traeheoesophageal fistula. 
B. S innilar to type A, but the two 
parts of the esophagus are joined 
together by fibrous tissue. 
e. Gomplete bloekage of the 
esophagus; the distal end is 
rudimentary. D. A traeheoe- 
sophageal fistula with narrowing 
of the esophagus. E. An 
esophagotraeheal fistula; the 
esophagus is not eonneeted with 
the distal end, which is rudimen- 
tary. F. Separate esophagotra- 
eheal and traeheoesophageal 
fistulas. G. Narrowing of the 
esophagus without a fistula. 
In most eases, the lower 
esophageal segment communi- 
eates with the traehea, and types 
A and B occur more eommonly. 


flow of air into the alveoli. Fnrthermore, the stagnation of 
sneh seeretions is often quiekly followed by infeetion. To aid 
in the normal drainage of a bronehial segment, a physio- 
therapist often alters the position of the patient so that grav- 
ity assists in the proeess of drainage. Sonnd knowledge of the 
bronehial tree is neeessary to determine the optimnm posi- 
tion of the patient for good postnral drainage. 

eDNGENITAL 
ANDMALIES DE 
THE TRAEHEA AND 
LHNGS 

Esophageal Alresia and Traeheo- 
esophageal Fistola 

If the margins of the laryngotraeheal groove fail to fnse ade- 
quately, an abnormal opening may be left between the laryn- 
gotraeheal tnbe and the esophagns. If the traeheoesophageal 



septnm formed by the fnsion of the margins of the laryngotra- 
eheal groove shonld be deviated posteriorly, the Inmen of the 
esophagns would be mneh redneed in diameter. The differ- 
ent types of atresia, with and without fistnla, are shown in CD 
Fig. 3-13). Obstrnetion of the esophagns prevents the ehild 
from swallowing saliva and milk, and this leads to aspiration 
into the larynx and traehea, whieh nsnally resnlts in pnen- 
monia. With early diagnosis, it is often possible to eorreet this 
serions anomaly snrgieally. 

Neonatal Lobar EmphysEma 

This eondition oeenrs shortly after birth and is an overdisten- 
tion of one or more lobes of the Inng. It is a resnlh in many 
eases, of a failnre of development of bronehial eartilage, 
whieh eanses the bronehi to eollapse. Air is inspired throngh 
the eollapsed bronehi, bnt it is trapped dnring expiration. 

Eongenilal Eysls of the Lnng 

Lnng eysts may be solitary or may form mnltiple honey- 
eomb-like masses. They are believed to be eansed by sepa- 
ration of Inng tissne oeenrring dnring development. Prompt 
snrgieal removal of the eysts is neeessary to prevent eom- 
pression and eollapse of snrronnding Inng and infeetions 
eomplieations. 
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Read the following ease histories/questions and give 
the best answer for eaeh. 

A 31-year-old soldier reeeived a shrapnel wound in the 
neek dnring the Persian Gnlf War. Reeently, dnring a 
physieal examination, it was notieed that when he blew 
his nose or sneezed, the skin above the right elaviele 
bnlged upward. 

1. The upward bnlging of the skin eonld be explained by 

A. injnry to the eervieal plenra. 

B. damage to the snpraplenral membrane. 

e. damage to the deep faseia in the root of the neek. 

D. nnnnited fraetnre of the first rib. 

A 52-year-old woman was admitted to the hospital with 
a diagnosis of right-sided plenrisy with pnenmonia. It 
was deeided to remove a sample of plenral flnid from 
her plenral eavity. The resident inserted the needle 
elose to the lower border of the eighth rib in the ante- 
rior axillary line. The next morning he was snrprised to 
hear that the patient had eomplained of altered skin 
sensation extending from the point where the needle 
was inserted downward and forward to the midline of 
the abdominal wall above the nmbiliens. 

2. The altered skin sensation in this patient after the nee- 
dle thoraeostomy eonld be explained by whieh of the 
following? 

A. The needle was inserted too low down in the inter- 
eostal spaee. 

B. The needle was inserted too elose to the lower bor- 
der of the eighth rib and damaged the eighth inter- 
eostal nerve. 

e. The needle had impaled the eighth rib. 

D. The needle had penetrated too deeply and piereed 
the Inng. 

A 68-year-old man eomplained of a swelhng in the skin 
on the baek of the ehest. He had notieed it for the last 3 
years and was eoneerned beeanse it was rapidly enlarg- 
ing. On examination, a hard Inmp was fonnd in the skin 
in the right seapnla line opposite the seventh thoraeie 
vertebra. A biopsy revealed that the Inmp was malignant. 

3. Beeanse of the rapid inerease in the size of the tnmor, 
the following lymph nodes were examined for metas- 
tases: 

A. Snperfieial ingninal nodes 

B. Anterior axillary nodes 
e. Posterior axillary nodes 

D. External iliae nodes 

E. Deep eervieal nodes 


A 65-year-old man and a 10-year-old boy were involved 
in a severe antomobile aeeident. In both patients the 
thorax had been badly ernshed. Radiographie examina- 
tion revealed that the man had five fraetnred ribs bnt 
the boy had no fraetnres. 

4. What is the most likely explanation for this differenee in 
medieal findings? 

A. The patients were in different seats in the vehiele. 

B. The boy was wearing his seat belt and the man was 
not. 

e. The ehest wall of a ehild is very elastie, and fraetnres 
of ribs in ehildren are rare. 

D. The man antieipated the impaet and tensed his 
mnseles, inelnding those of the shonlder girdle and 
abdomen. 

On examination of a posteroanterior ehest radiograph 
of an 18-year-old woman, it was seen that the left dome 
of the diaphragm was higher than the right dome and 
reaehed to the npper border of the fonrth rib. 

5. The position of the left dome of the diaphragm eonld 
be explained by the following eonditions except which? 

A. The left Inng eonld be eollapsed. 

B. There is a eolleetion of blood nnder the diaphragm 
on the left side. 

e. There is an amoebie abseess in the left lobe of the 
liver. 

D. The left dome of the diaphragm is normally higher 
than the right dome. 

E. There is a peritoneal abseess beneath the diaphragm 
on the left side. 

A 43-year-old man was involved in a violent quarrel 
with his wife over another woman. In a fit of rage, the 
wife pieked up a earving knife and Innged forward at 
her hnsband^ striking his anterior neek over the left 
elaviele. The hnsband eollapsed on the kitehen floor, 
bleeding profnsely from the wound. The distranght 
wife ealled for an ambnlanee. 

6. On examination in the emergeney department of the 
hospital the following eonditions were fonnd except 
which? 

A. A wound was seen abont 1 in. (2.5 em) wide over the 
left elaviele. 

B. Ansenltation revealed diminished breath sonnds 
over the left hemithorax. 

e. The traehea was defleeted to the left. 

D. The left npper limb was lying stationary on the table, 
and aetive movement of the small mnseles of the left 
hand was absent. 
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E. The patient was insensitive to pin priek along the lat- 
eral side of the left arm, forearm, and hand. 

A 72-year-old man eomplaining of bnrning pain on the 
right side of his ehest was seen by his physieian. On ex- 
amination the patient indieated that the pain passed 
forward over the right sixth intereostal spaee from the 
posterior axillary line forward as far as the midline over 
the sternnm. The physieian noted that there were sev- 
eral watery blebs on the skin in the painfnl area. 

7. The following statements are eorreet except whieh? 

A. This patient has herpes zoster. 

B. A virns deseends along the entaneons nerves, eans- 
ing dermatomal pain and the ernption of vesieles. 

C. The sixth right intereostal nerve was involved. 

D. The eondition was eonfined to the anterior enta- 
neons braneh of the sixth intereostal nerve. 

An 18-year-old woman was thrown from a horse while 
attempting to jnmp a fenee. She landed heavily on the 
gronnd, striking the lower part of her ehest on the left 
side. On examination in the emergeney department she 
was eonseions bnt breathless. The lower left side of her 
ehest was badly brnised, and the ninth and tenth ribs 
were extremely tender to toneh. She had severe taehy- 
eardia, and her systolie blood pressnre was low. 

8. The following statements are possibly eorreet except 
whieh? 

A. There was evidenee of tenderness and mnsele spasm 
in the left npper quadrant of the anterior abdominal 
wall. 

B. A posteroanterior radiograph of the ehest revealed 
fraetnres of the left ninth and tenth ribs near their 
angles. 

C. The blnnt tranma to the ribs had resnlted in a tear of 
the nnderlying spleen. 

D. The presenee of blood in the peritoneal eavity had 
irritated the parietal peritonenm, prodneing reflex 
spasm of the npper abdominal mnseles. 

E. The mnseles of the anterior abdominal wall are not 
snpplied by thoraeie spinal nerves. 

A 55-year-old man states that he has notieed an alter- 
ation in his voiee. He has lost 40 Ib (18 kg) and has a 
persistent eongh with blood-stained spntnm. He 
smokes 50 eigarettes a day. On examination, the left vo- 
eal fold is immobile and lies in the addneted position. 
A posteroanterior ehest radiograph reveals a large mass 
in the npper lobe of the left Inng with an inerease in 
width of the mediastinal shadow on the left side. 

9. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. This patient has advaneed eareinoma of the 

bronehns in the npper lobe of the left Inng, whieh 
was seen as a mass on the ehest radiograph. 


B. The eareinoma had metastasized to the broneho- 
mediastinal lymph nodes, eansing their enlarge- 
ment and prodneing a widening of the mediastinal 
shadow seen on the ehest radiograph. 

C. The enlarged lymph nodes had pressed on the left 
reenrrent laryngeal nerve. 

D. Partial injnry to the reenrrent laryngeal nerve re- 
snlted in paralysis of the abdnetor mnseles of the vo- 
eal eords, leaving the addnetor mnseles nnopposed. 

E. The enlarged lymph nodes pressed on the left re- 
enrrent nerve as it aseended to the neek anterior to 
the areh of the aorta. 

A 35-year-old woman had diffienlty breathing and 
sleeping at night. She says she falls asleep only to wake 
up with a ehoking sensation. She finds that she has to 
sleep propped up in bed on pillows with her neek flexed 
to the right. 

10. The following statements eoneerning this ease are 
eorreet except whieh? 

A. Veins in the skin at the root of the neek are 
eongested. 

B. The U-shaped eartilaginons rings in the wall of the 
traehea prevent it from being kinked or eompressed. 

C. The left lobe of the thyroid gland is larger than the 
right lobe. 

D. On falling asleep, the patient tends to flex her neek 
laterally over the enlarged left thyroid lobe. 

E. The enlarged thyroid gland extends down the neek 
into the snperior mediastinnm. 

E. The braehioeephalie veins in the snperior medi- 
astinnm were partially obstrneted by the enlarged 
thyroid gland. 

A 15-year-old boy was resened from a lake after falling 
throngh thin iee. The next day, he developed a severe 
eold, and 3 days later his general eondition deterio- 
rated. He beeame febrile and started to eongh up blood- 
stained spntnm. At firsh he had no ehest pain, bnt later, 
when he eonghed, he experieneed severe pain over the 
right fifth intereostal spaee in the midelavienlar line. 

11. The following statements would explain the patienfs 
signs and symptoms except whieh? 

A. The patient had developed lobar pnenmonia and 
plenrisy in the right Inng. 

B. Disease of the Inng does not eanse pain nntil the 
parietal plenra is involved. 

C. The pnenmonia was loeated in the right middle 
lobe. 

D. The viseeral plenra is innervated by antonomie 
nerves that eontain pain fibers. 

E. Pain assoeiated with the plenrisy was aeeentnated 
when movement of the viseeral and parietal plenrae 
oeenrred, for example, on deep inspiration or 
eonghing. 
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A 2-year-old boy was playing with his toy ear when his 
baby-sitter notieed that a small metal nnt was missing 
from the ear. Two days later the ehild developed a 
eongh and beeame febrile. 

12. This ehild's illness eonld be explained by the following 
statements except which? 

A. The ehild had inhaled the nnt. 

B. The metal nnt eonld easily be seen on posteroante- 
rior and right oblique radiographs. 

e. The left prineipal bronehns is the more vertieal and 
wider of the two prineipal bronehi, and inhaled for- 
eign bodies tend to beeome lodged in it. 

D. The nnt was sneeessfnlly removed throngh a bron- 
ehoseope. 

E. ehildren who are teething tend to snek on hard toys. 

A 23-year-old woman was examined in the emergeney 
department beeanse of the sndden onset of respiratory 
distress. The physieian was listening to breath sonnds 
over the right hemithorax and was eoneerned when no 
sonnds were heard on the front of the ehest at the level 
of the tenth rib in the midelavienlar line. 

13. The following eomments eoneerning this patient are 
eorreet except which? 

A. In a healthy individnal, the lower border of the right 
Inng in the midelavienlar line in the midrespiratory 
position is at the level of the sixth rib. 

B. The parietal plenra in the midelavienlar line erosses 
the tenth rib. 


e. The eostodiaphragmatie reeess is sitnated between 
the lower border of the Inng and the parietal 
plenra. 

D. The Inng on extreme inspiration eonld deseend in 
the eostodiaphragmatie reeess only as far as the 
eighth rib. 

E. No breath sonnds were heard beeanse the stetho- 
seope was loeated over the liver. 

A 36-year-old woman with a known history of emphy- 
sema (dilatation of alveoli and destrnetion of alveolar 
walls with a tendeney to form eystie spaees) snddenly 
experiences a severe pain in the left side of her 
ehest, is breathless, and is obvionsly in a state of 
shoek. 

14. Examination of this patient reveals the following 
findings except which? 

A. The traehea is displaeed to the right in the snpraster- 
nal noteh. 

B. The apex beat of the heart ean be felt in the fifth left 
intereostal spaee jnst lateral to the sternnm. 

e. The right Inng is eollapsed. 

D. The air pressnre in the left plenral eavity is at 
atmospherie pressnre. 

E. The air has entered the left plenral eavity as the 
resnlt of rnptnre of one of the emphysematons eysts 
of the left Inng (left-sided pneumothorax). 

E. The elastie reeoil of the Inng tissne eansed the Inng 
to eollapse. 




1. B is the eorreet answer. The shrapnel had torn the 
snpraplenral membrane, which normally prevents 
the eervieal dome of the plenra from bnlging up into 
the neek. 

2. B is the eorreet answer. The intereostal nerve is loeated 
in the snbeostal groove on the lower border of the rib 

(see text Eig. 3-4). 

3. e is the eorreet answer. The lymphatie drainage of the 
skin of the baek above the level of the iliae erests is 
upward and forward into the posterior axillary lymph 
nodes. 

4. e is the eorreet answer. The ehest wall of a ehild is very 
elastie, and fraetnres of ribs in ehildren are rare. 

5. D is the eorreet answer. The right dome of the di- 
aphragm is normally higher than the left dome dne to 
the large size of the right lobe of the nnderlying liver. 


6. E is the eorreet answer. The lower trnnk of the braehial 
plexus was ent by the knife. This would explain the loss 
of movement of the small mnseles of the left hand. It 
would also explain the loss of skin sensation that oe- 
enrred in the C8 and T1 dermatomes on the medial, 
not on the lateral, side of the left forearm and hand. The 
knife had also piereed the left dome of the eervieal 
plenra, eansing a left pneumothorax with left-sided 
diminished breath sonnds and a defleetion of the tra- 
ehea to the left. 

7. D is the eorreet answer. The skin over the sixth inter- 
eostal spaee is innervated by the lateral entaneons 
braneh as well as the anterior entaneons braneh of the 
sixth intereostal nerve. 

8. E is the eorreet answer. The seventh to the eleventh in- 
tereostal nerves snpply the mnseles of the anterior ab- 
dominal wall. 
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9. E is the eorreet answer. The left reenrrent laryngeal 
nerve aseends to the neek by passing nnder the areh of 
the aorta; it aseends in the groove between the traehea 
and the esophagns. 

10. B is the eorreet answer. The traehea is a mobile^ fibro- 
elastie tnbe that ean be kinked or eompressed despite 
the presenee of the eartilaginons rings. 

11. D is the eorreet answer. Lnng tissne and the viseeral 
plenra are not innervated with pain fibers. The eostal 
parietal plenra is innervated by the intereostal nerves, 
whieh have pain endings in the plenra. 


12. e is the eorreet answer. The right prineipal (main) 
bronehns is the more vertieal and wider of the two prin- 
eipal bronehi, and for this reason an inhaled foreign 
body passes down the traehea and tends to enter the right 
main bronehns, where it was lodged in this patient. 

13. B is the eorreet answer. The parietal plenra in the mid- 
elavienlar line only extends down as far as the eighth rib 

(see text Fig. 3-51). 

14. e is the eorreet answer. The left Inng eollapsed imme- 
diately when air entered the left plenral eavity beeanse 
the air pressnres within the bronehial tree and in the 
plenral eavity were then equal. 
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THE HEART 

ehGrdae Tendineae and Papillary 
Mnsele Rnplnre 

Rupture of the ehordae tendineae by disease, sueh as aeute 
baeterial endoearditis, may eause sndden valvnlar insnffi- 
eieney and eardiae deeompensation. Rnptnre of a papillary 
mnsele, sinee eaeh has many ehordae attaehed to its apex, is 
mneh more serions. Rnptnre of a papillary mnsele may oe- 
enr in penetrating wounds of the heart. 



Aeeessnry Atrinventriemar Bnndles 

Aeeessory atrioventrienlar bnndles are thonght to exist. They 
are believed to be slender and normally have no fnnetional 
signifieanee. However, in the eondition of aeeelerated atri- 
oventrienlar eondnetion, the aberrant eonneetion (bnndle of 
Kent) permits one ventriele to be exeited early. In this eondi- 
tion the PR interval is shortened and a delta wave appears on 
the initial part of the QRS eomplex. Another aberrant eon- 
neetion (bnndle of Mahaim) bypasses the atrioventrienlar 
node and inserts jnst distal to the node. In this eondition, 
known as the Lown-Ganong-Levine syndrome^ the PR inter- 
val is short but the QRS eomplex is normal. 


Mitral ValvE Prolapse 

In this eondition, one or both mitral valve ensps balloon up 
into the left atrinm dnring ventrienlar systole. The valve 
ensps are larger than normal and the ehordae tendineae 
may be exeessively long. The posterior ensp is always in- 
volved; the anterior ensp is involved less frequently. 


Circus MaveniGnt 

This abnormal form of eondnetion allows a wave of exeita- 
tion to travel eontinnonsly in a eirele. This ring may oeenr 
in the atrioventrienlar node, eansing abnormal atrial eon- 
traetions and paroxysmal nodal taehyeardia. If the individ- 
ual has an aeeessory atrioventrienlar bnndle, the eirens 
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movement may pass in one direetion throngh the atrioven- 
trienlar node and in the opposite direetion throngh the 
bnndle of Kent. 

Failure of CGnductÌGn 5yslBin 

The sinnatrial node is the spontaneons sonree of the eardiae 
impnlse. The atrioventrienlar node is responsible for pieking 
up the eardiae impnlse from the atria. The atrioventrienlar 
bnndle is the only ronte by whieh the eardiae impnlse ean 
spread from the atria to the ventrieles. Failnre of the bnndle 
to eondnet the normal impnlses resnlts in alteration in the 
rhythmie eontraetion of the ventrieles (arrhythmias) or^ if 
eomplete bnndle bloek oeenrs, eomplete dissoeiation be- 
tween the atria and ventrienlar rates of eontraetion. The eom- 
mon eanse of defeetive eondnetion throngh the bnndle or its 
branehes is atheroselerosis of the eoronary arteries^ whieh re- 
snlts in a diminished blood snpply to the eondneting system. 

eoronary Angiography 

The eoronary arteries ean be visnalized by the introdnetion 
of radiopaque material into their Inmen. Under flnoro- 


seopie eontrol, a long narrow eatheter is passed into the as- 
eending aorta via the femoral artery in the leg. The tip of the 
eatheter is earefnlly gnided into the orifiee of a eoronary 
artery and a small amonnt of radiopaque material is injeeted 
to reveal the Inmen of the artery and its branehes. The in- 
formation ean be reeorded on radiographs (CD Fig. 4-1) or 
by eineradiography. Using this teehnique, pathologie nar- 
rowing or bloekage of a eoronary artery ean be identified. 

eoronary Artery Disease 

The myoeardinm reeeives its blood snpply throngh the right 
and left eoronary arteries. Althongh the eoronary arteries 
have nnmerons anastomoses at the arteriolar level, they are 
essentially fnnetional end arteries. A sndden bloek of one of 
the large branehes of either eoronary artery will nsnally lead 
to neerosis of the eardiae mnsele (myoeardial infaretion) in 
that vasenlar area, and often the patient dies. Most eases of 
eoronary artery bloekage are eansed by an aente thrombosis 
on top of a ehronie atheroselerotie narrowing of the Inmen. 

Arterioselerotie disease of the eoronary arteries may pre- 
sent in three ways, depending on the rate of narrowing of the 
Inmina ofthe arteries: (1) General degeneration and fibrosis 



A B 

CD Fígure 4-1 Goronary angiograms. A. An area of extreme narrovving of the circumflex 
braneh of the left eoronary artery (vvhite arrovv). B. The same artery after percutaneous 
transluminal eoronary angioplasty. Inflation of the luminal balloon has dramatieally im- 
proved the area of stenosis (vvhite arrovv). 
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Goronary Artery Lesions, infaret Loeation, and ECG Signatnre 

Goronary Artery 

infaret Loeatìon 

ECG Signatnre 

Proximal LAD 

Large anterior wall 

ST elevation: 1, L, V1-V6 

More distal LAD 

Anteroapieal 

ST elevation: V2-V4 


Inferior wall if 

ST elevation: II, III, F 

Distal LAD 

wraparound LAD 
Anteroseptal 

ST elevation: V1-V3 

Early obtuse, marginal 

High lateral wall 

ST elevation: 1, L, V4-V6 

More distal marginal 

Small lateral wall 

ST elevation: 1, L, or V4-V6, or no abnormality 

braneh, circumflex 
Circumflex 

Posterolateral 

ST elevation: V4-V6; ST depression: V1-V2 

Distal RCA 

Small inferior wall 

ST elevation: II, III, F; ST depression: 1, L 

Proximal RCA 

Large inferior wall and 

ST elevation: II, III, F; 


posterior wall 

ST depression: 1, L, V1-V3 


Some lateral wall 

ST elevation: V5-V6 

RCA 

Right ventricular 

ST elevation: V2R-V4R; some 


Usually inferior 

ST elevation: VI, or ST depression: V2-V3 

ST elevation: II, III, F 

ECG, eleetroeardiographie; LAD, left anterior deseending (interventricular); RCA, right eoronary artery. 


of the myoeardinm occur over many years and are eaiised by 
a gradnal narrowing of the eoronary arteries. (2) Angina pee- 
toris is eardiae pain that oeeiirs on exertion and is relieved 
by rest. In this eondition, the eoronary arteries are so nar- 
rowed that myoeardial isehemia oeeiirs on exertion but not 
at rest. (3) Myoeardial infaretion oeenrs when eoronary flow 
is snddenly redneed or stopped and the eardiae mnsele un- 
dergoes neerosis. Myoeardial infaretion is the major cause 
of death in indnstrialized nations. 

CD Table 4-1 shows the different eoronary arteries that 
supply the different areas of the myoeardinm. This informa- 
tion ean be helpfnl when attempting to eorrelate the site of 
myoeardial infaretion, the artery involved, and the eleetro- 
eardiographie signatnre. 

Beeanse eoronary bypass surgery, eoronary angioplasty, 
and eoronary artery stenting are now eommonly aeeepted 
methods of treating eoronary artery disease, it is inenmbent on 
the student to be prepared to interpret still- and motion-picture 
angiograms that have been earried out before treatment. For 
this reason, a working knowledge ofthe origin, course, and dis- 
tribntion of the eoronary arteries shonld be memorized. 

MyGeardial infaretion and 
Papillary Mnsde Rnplnre 

Rarely, in aente myoeardial infaretion involving the left ven- 
triele, a papillary mnsele may rnptnre. Rnptnre of the pos- 
teromedial papillary mnsele is more eommon sinee it is 


snpplied by a single artery, the right eoronary artery. The an- 
terolateral papillary mnsele is less likely to rupture sinee it 
has a dnal blood snpply from the anterior interventrienlar 
and circumflex branehes of the left eoronary artery. 

ehest Pain 

The presenting symptom of ehest pain is a eommon and 
elassie problem in medieine. IJnfortnnately, ehest pain is a 
symptom eommon to a large nnmber of eonditions and may 
be eansed by disease in the thoraeie and abdominal walls or 
in many different ehest or abdominal viseera. The severity of 
the pain is often nnrelated to the serionsness of the eanse. 
Myoeardial pain may mimie esophagitis, mnsenloskeletal 
ehest wall pain, and other non-life-threatening eanses. Un- 
less medieal personnel are astnte, a patient may be dis- 
eharged from the hospital with a more serions eondition 
than the symptoms indieate. It is not good enongh to have a 
eorreet diagnosis only 99% of the time with ehest pain. An 
nnderstanding of the anatomy of ehest pain will help the 
physieian in the systematie eonsideration of the differential 
diagnosis. 

Somatie Pain 

Pain arising from the ehest or abdominal walls is intense and 
diseretely loealized. Somatie pain arises in sensory nerve 
endings in these strnetnres and is eondneted to the eentral 
nervons system by somatie segmental spinal nerves. 
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Viseeral Pain 

Viseeral pain is diffnse and poorly loealized. It is eondneted 
to the eentral nervons system along afferent antonomie 
nerves. Most viseeral pain fibers aseend to the spinal eord 
along sympathetie nerves and enter the eord throngh the 
posterior nerve roots of segmental spinal nerves. Some pain 
fibers from the pharynx and npper part of the esophagns and 
the traehea enter the eentral nervons system throngh the 
parasympathetie nerves via the glossopharyngeal and vagns 
nerves. The deseending eolon, the pelvie eolon and reetnm, 
and the bladder reaeh the saeral spinal eord throngh the 
parasympathetie nerves. 

Referred Paìn 

Viseeral pain frequently is referred to skin areas that are in- 
nervated by the same segment of the spinal eord as is the 
painfnl visens. The explanation for referred pain is not 
known. One theory is that the nerve fibers from the visens 
and the dermatome aseend in the eentral nervons system 
along a eommon pathway and the eerebral eortex is inea- 
pable of distingnishing between the sites of origin. Another 
theory is that nnder normal eonditions the visens does not 
give rise to painfnl stimnli, whereas the skin area repeatedly 
reeeives noxious stimnli. Beeanse both afferent fibers enter 
the spinal eord at the same segment, the brain interprets the 
information as eoming from the skin rather than the visens. 
Pain arising from the gastrointestinal traet is referred to the 
midline. This ean probably be explained sinee the traet 
arises embryologieally as a midline strnetnre and reeeives a 
bilateral nerve snpply. 

eiinieal Signifieanee nf Thnraeie 
DBrmatnmBS RBÌative In Chest Pain 

The dermatomes on the anterior and posterior ehest walls 
are shown in CD Figs. 1-2 and 1-3. A dermatome is an area 
of skin snpplied by a single spinal nerve and, therefore, a 
single segment of the spinal eord. On the trnnk, adjaeent 
dermatomes overlap eonsiderably and a given area of skin is 
innervated by three adjaeent spinal nerves. 

Eaeh thoraeie spinal nerve innervates a large nnmber of 
strnetnres, inelnding the vertebrae; the ribs and eostal earti- 
lages and their joints; the postvertebral, intereostal, and ab- 
dominal mnseles; and the eostal parietal plenra and parietal 
peritonenm. Any one of these strnetnres eonld be the sonree 
of ehest pain. 

The skin of the anterior and posterior ehest walls, down 
as far as the sternal angle in front and the spine of the 
seapnla behind, is snpplied by the snpraelavienlar nerves 

(C3 and C4). The phrenie nerves (C3, C4, and C5) snpply 

the parietal plenra over the eentral part of the diaphragm 
and a eorresponding area of parietal peritonenm over the 
lower snrfaee of the diaphragm. Irritation of these areas by 


disease of neighboring viseera, sneh as the gallbladder, liver, 
or stomaeh, eonld send afferent impnlses up to the eentral 
nervons system. Beeanse of the phenomenon of referred 
pain, the patient would presnme that the eanse of the pain 
was loeated over the npper part of the ehest wall or shonlder. 

Below the level of the sternal angle and the spine of the 
seapnla, the ehest skin is innervated by the thoraeie segments 
of the spinal eord. The anterior ehest wall is snpplied by the 
intereostal nerves T2 throngh T6; the seventh intereostal 
nerve enters the anterior abdominal wall to snpply the skin 
in the xiphoid area. The posterior ehest wall is snpplied by 
the posterior primary rami of the thoraeie spinal nerves T2 
throngh T11. Remember that the seventh to the eleventh in- 
tereostal nerves eross the eostal margin and innervate the fnll 
thiekness of the anterior abdominal wall inelnding the pari- 
etal peritonenm. This would explain how irritation of the 
parietal peritonenm eansed by disease of abdominal viseera 
eonld give rise to pain referred to the ehest wall. 

Note also the distribntion of the T1 and T2 der- 
matomes; they extend down the medial side of the npper 
limbs. The seeond thoraeie nerve reaehes the skin of the ax- 
illa and the medial (nlnar) side of the arm via the intereos- 
tobraehial nerve (a braneh of the seeond intereostal nerves). 
T1 reaehes the nlnar side of the forearm via the medial eu- 
taneons nerve of the forearm from the braehial plexus. 

Cardiac Pain 

Pain originating in the heart as the resnlt of aente myoeardial 
isehemia is assnmed to be eansed by oxygen defieieney and 
the aeenmnlation of metabolites, whieh stimnlate the sen- 
sory nerve endings in the myoeardinm. The afferent nerve 
fibers aseend to the eentral nervons system throngh the ear- 
diae branehes of the sympathetie trnnk and enter the spinal 
eord throngh the posterior roots of the npper fonr thoraeie 
nerves. The natnre of the pain varies eonsiderably, from a se- 
vere ernshing pain to nothing more than mild diseomfort. 

The pain is not felt in the hearp bnt is referred to the 
skin areas snpplied by the eorresponding spinal nerves. The 
skin areas snpplied by the npper fonr intereostal nerves and 
by the intereostobraehial nerve (T2) are therefore affeeted. 
The intereostobraehial nerve eommnnieates with the me- 
dial entaneons nerve of the arm and is distribnted to skin on 
the medial side of the npper part of the arm. A eertain 
amonnt of spread of nervons information mnst oeenr within 
the eentral nervons system^ for the pain is sometimes felt in 
the neek and the jaw. 

Myoeardial infaretion involving the inferior wall or di- 
aphragmatie snrfaee of the heart often gives rise to diseom- 
fort in the epigastrinm. One mnst assnme that the afferent 
pain fibers from the heart aseend in the sympathetie nerves 
and enter the spinal eord in the posterior roots of the sev- 
enth, eighth, and ninth thoraeie spinal nerves and give rise 
to referred pain in the T7, T8, and T9 thoraeie dermatomes 
in the epigastrinm. 
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Because the heart and the thoraeie part of the esopha- 
gus probably have similar afferent pain pathways, it is not 
snrprising that painfnl aente esophagitis ean mimie the pain 
of myoeardial infaretion. 

AuscultatÌGn gí Heart Valves 

On listening to the heart with a stethoseope, one ean hear 
two sonnds: Inb-dííp. The first sonnd is prodneed by the eon- 
traetion of the ventrieles and the elosnre of the trienspid and 
mitral valves. The seeond sonnd is prodneed by the sharp 
elosnre of the aortie and pnlmonary valves. It is important 
for a physieian to know where to plaee the stethoseope on 
the ehest wall so that he or she will be able to hear sonnds 
prodneed at eaeh valve with the minimal distraetion or in- 

terferenee (CD Fig. 4-2). 

■ The trienspid valve is best heard over the right half of the 
lower end of the body of the sternnm. 

■ The mitral valve is best heard over the apex beat, that is, 
atthe level ofthe fifth left intereostal spaee, 3.5 in. (9 em) 
from the midline. 

■ The pnlmonary valve is heard with least interferenee 
over the medial end of the seeond left intereostal 
spaee. 

■ The aortie valve is best heard over the medial end of the 
seeond right intereostal spaee. 


Valvmar Disease gi the Heart 

Inflammation of a valve ean eanse the edges of the valve ensps 
to stiek together. Later, fibrous thiekening oeenrs, followed by 
loss of flexibihty and shrinkage. Narrowing (stenosis) and 
valvnlar ineompetenee (regurgitation) resnlfl and the heart 
eeases to fnnetion as an effieient pnmp. In rhenmatie disease 
of the mitral valve, for example, not only do the cusps nndergo 
fibrosis and shrink, bnt also the ehordae tendineae shorten, 
preventing elosnre of the cusps dnring ventrienlar systole. 

Vatvutar Heart Murmurs 

Apart from the sonnds of the valves elosing, Inb-dííp, the 
blood passes throngh the normal heart silently. Shonld the 
valve orifiees beeome narrowed or the valve ensps distorted 
and shrnnken by disease, however, a rippling effeet would 
be set up, leading to tnrbnlenee and vibrations that are 
heard as heart mnrmnrs. 

Cardiac tnjurÌBS 

Gardiae Contusion 

The hearfl althongh proteeted by the thoraeie eage, ean be 
squeezed between the sternnm and the vertebral eolnmn 



CD Figure 4-2 Surface 
anatomy of the heart and great 
blood vessels. Note the position 
of the heart valves relative to 
the ehest wall. The bold letters 
indieate positions where valves 
may be heard with least interfer- 
enee. A = aortie valve, M = mi- 
tral valve, P = pulmonary valve, 
T = tricuspid valve. 
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(see text Fig. 4-8) when the thorax is snbjeeted to a severe 
frontal impaet. Moreover, if the foree is also applied to the 
anterior abdominal wall, the diaphragm is thrnst upward, 
impinging on the heart from below. The highly flexible rib 
eage present in ehildren makes myoeardial eontnsion a 
eommon oeenrrenee in this age gronp. The resnlt of heart 
mnsele damage is preeordial pain, similar in natnre to a my- 
oeardial infaretion. Taehyeardia often oeenrs and, if enongh 
eardiae mnsele is eontnsed, eardiae ontpnt may deerease. 
Depending on the severity of the injnry, there may be ar- 
rhythmias and evidenee of heart bloek. 

Valve and Septal lnjuries 

In both blnnt and penetrating injnries to the heart, the valve 
ensps, the papillary mnseles, and the ehordae tendineae ean 
be damaged. The ineidenee of valve involvement is in the 
following order: aortie, mitral, and pnlmonary. Aente valvn- 
lar insnffieieney ean be diagnosed elinieally, bnt it shonld 
be eonfirmed by eardiae eatheterization. In severe eases 
prompt snrgieal repair may be neeessary. 

Penetrating ln]urìes to the Heart 

The anatomy of the heart relative to the front of the thoraeie 
eage determines the eommon sites of injnry. The anterior snr- 
faee of the heart is formed largely by the right ventriele; the 
left border is formed by the left ventriele and the right border 
is formed by the right atrinm. The right ventriele is most eom- 
monly injnred, followed by the left ventriele and the right 
atrinm. The anterior interventrienlar braneh of the left eoro- 
nary artery is the most eommon artery to be damaged. 

Sinee the perieardinm has to be penetrated for the 
heart to be injnred, eardiae tamponade is often present. The 
hemoperieardinm quiekly presses on the thin-walled atria 
and large veins and eompromises the venons retnrn. The 
elassie triad of (1) distension of the jngnlar veins of the neek, 
(2) faint heart sonnds (damped down by blood in the peri- 
eardial sae), and (3) hypotension may all be present. If there 
is snbstantial eoneomitant blood loss or volnme depletion, 
the jngnlar veins may not be enlarged. Do not expeet to see 
a greatly enlarged heart shadow on a ehest radiograph. Even 
thongh the blood in the perieardial sae may be nnder high 
pressnre eansed by a ventrienlar leak, the tongh fibrons tis- 
sne in the wall of the fibrons perieardinm prevents its nndne 
distension. Hemoperieardinm mnst be relieved snrgieally. 

CDngEnital AnDmalies 

Atrìal Septal Defeets 

After birth, the foramen ovale beeomes eompletely elosed as 
the resnlt of the fnsion of the septnm primnm with the sep- 
tnm seenndnm. In 25% of hearts, a small opening persists, 
bnt this is nsnally of sneh a minor natnre that it has no elin- 
ieal signifieanee. Oeeasionally, the opening is mneh larger 


and resnlts in oxygenated blood from the left atrinm passing 

over into the right atrinm (CD Fig. 4-3). 

Ventricular Septal Defeets 

The ventrienlar septnm is formed in a eomplieated manner 
and is eomplete only when the membranons part fnses with 
the mnsenlar part. Ventrienlar septal defeets are less fre- 
quent than atrial septal defeets. They are fonnd in the 
membranons part of the septnm and ean measnre I to 2 em 
in diameter. Blood nnder high pressnre passes throngh the 
defeet from left to righF eansing enlargement of the right 
ventriele. Large defeets are serions and ean shorten life if 
snrgery is not performed. 

Tetralogy of Fallot 

Normally, the bnlbns eordis beeomes divided into the aorta 
and pnlmonary trnnk by the formation of the spiral aorti- 
eopnlmonary septnm. This septnm is formed by the fnsion 
of the bnlbar ridges. If the bnlbar ridges fail to fnse eorreetly, 
unequal division of the bnlbns eordis may oeenr, with eon- 
sequent narrowing of the pnlmonary trnnk and resnlting in 
interferenee with the right ventrienlar outflow. 

This eongenital anomaly is responsible for abont 9% of 
all eongenital heart disease (see CD Fig. 4-3). The anatomie 
abnormalities inelnde large ventrienlar septal defeet; steno- 
sis of the pnlmonary trnnk, whieh ean oeenr at the in- 
fnndibnlnm of the right ventriele or at the pnlmonary valve; 
exit of the aorta immediately above the ventrienlar septal de- 
feet (instead of from the left ventrienlar eavity only); and se- 
vere hypertrophy of the right ventriele, beeanse of the high 
blood pressnre in the right ventriele. The defeets eanse eon- 
genital eyanosis and eonsiderably limit aetivity; patients 
with severe nntreated abnormalities die. Onee the diagnosis 
has been made, most ehildren ean be sneeessfnlly treated 
snrgieally. 

Most ehildren find that assnming the squatting position 
after physieal aetivity relieves their breathlessness. This 
happens beeanse squatting rednees the venons retnrn by 
eompressing the abdominal veins and inereasing the sys- 
temie arterial resistanee by kinking the femoral and 
popliteal arteries in the legs; both these meehanisms tend to 
deerease the right-to-left shnnt throngh the ventrienlar sep- 
tal defeet and improve the pnlmonary eirenlation. 

Mìtral Valve Prolapse 

In this eondition, one or both mitral valve ensps balloon up 
into the left atrinm dnring ventrienlar systole. The valve 
ensps are larger than normal and the ehordae tendineae 
may be exeessively long. The posterior ensp is always in- 
volved; the anterior ensp is involved less frequently. The ma- 
jority of the patients are female, and there may be a familial 
ineidenee of the syndrome. The typieal symptoms are ehest 
pain and palpitations, and dysrhythmias may oeenr. 
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CD Fìgure 4-3 A. Nornnal fetal heart. B. Atrial septal defeet. C. Tetralogy of Fallot. 
D. Patent ductus arteriosus (note the elose relationship to the left recurrent laryngeal 
nerve). E. Goaretation of the aorta. 


Bìcuspid Aortìe Valve 

This is a eongenital anomaly oeenrring in 1% to 2% of the 
popnlation. At first it eanses no fnnetional problems. How- 
ever, with advaneing years and eontinned wear and tear, the 
valve ensps beeome damaged and nndergo fibrosing steno- 
sis and ealeifieation. The valve is also prone to the develop- 
ment of infeetive endoearditis. 


Persistent Truncus Arteriosus 

This eondition represents abont 1% of all eongenital 
heart defeets. Only one artery arises from the heart, the 
pnlmonary artery and aorta sharing a eommon trnnk. A 
large ventrienlar septal defeet is nsnally present. The 
ehild exhibits mild eyanosis and heart failnre. Snrgieal 
eorreetion of the ventrienlar septal defeet and the 
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establishment of a separate pnlmonary and aortie outflow 
are neeessary. 

Patent Ductus Arteriosus 

The dnetns arteriosns represents the distal portion of the 
sixth left aortie areh and eonneets the left pnlmonary artery 
to the beginning of the deseending aorta (see CD Fig. 4-3). 
Dnring fetal life, blood passes throngh it from the pnl- 
monary artery to the aorta, thns bypassing the Inngs. After 
birth, it normally eonstriets, later eloses, and beeomes the 
ligamentnm arteriosnm. 

Failnre of the dnetns arteriosns to elose may oeenr as an 
isolated eongenital abnormality or may be assoeiated with 
eongenital heart disease. A persistent patent dnetns arterio- 
sns resnlts in high-pressnre aortie blood passing into the pnl- 
monary artery, whieh raises the pressnre in the pnlmonary 
eirenlation. A patent dnetns arteriosns is life threatening and 
shonld be ligated and divided snrgieally. 


THE PER EARD UM 


Tramnatie I ninry to the Perieardinm 



Hemopericardium 

With blnnt or penetrating injnries to the heart, blood ean es- 
eape into the perieardial eavity. The normal volnme of peri- 
eardial flnid, abont 50 mL, is nsed to Inbrieate the apposing 
snrfaees of the serons perieardinm dnring heart movements. 
Onee the flnid in the eavity exeeeds abont 250 mL, the dias- 
tolie filling is eompromised, a eondition known as eardiae 
tamponade. 

PerieardioeentBsis 

This proeednre is nsed in the treatment of eardiae 
tamponade. 

The patient is plaeed in a snpine position with the 
shonlders raised 60° from the horizontal position. The 
nsnal skin preparation is now eompleted. The needle is in- 
serted in the angle between the xiphoid proeess and the 
left eostal margin. With the positions of the eardiae 
notehes of the Inngs and plenra in mind (CD Fig. 4-5), the 
tip of the needle is direeted upward, baekward, and to the 
left in the left xiphoeostal angle, that is, toward the left 
shonlder. The following strnetnres will be penetrated by 
the needle: 

1. Skin 


Perìeardial Dìsruption 

This may oeenr from blnnt tranma from a pnnetnre following 
penetration by a fraetnred rib and rnptnre from a sndden in- 
erease in pressnre. The most eommon loeation of rnptnre is 
along the lateral margins, espeeially on the left side. The 
phrenie nerve may be involved, as it is sitnated between the 
mediastinal parietal plenra and the perieardinm (CD Fig. 4-4) 


2. Snbentaneons tissne 

3. Aponenrosis of the external obhque mnsele of the 
abdomen 

4. Anterior lamina of the aponenrosis of the internal 
obhque mnsele of the abdomen 

5. Reetns abdominis mnsele 


right phrenie 


phrenie 



rupture of 
right atriunn 


rupture of 


CD Figure 4-4 Anterior view of 
the heart showing eommon sites 
for rupture of the pericardium on 
the anterior surface. Note the po- 
sition of the right and left phrenie 
nerves. 
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Kiphoid 


lower border 

of lung 



refleetion 


internal thoraeie 


perieardiym 
eardiae noteh 


perieardial eavity 


proeess 



diaphragm 


pleural 

refleetion 


xiphoid 

proeess 


CD Fìgure 4-5 A and B. The xiphisternal approaeh for perieardioeentesis. Note that the 
needle is aimed upward and backward in the direetion of the left shoulder. 


6. Posterior lamina of the aponenrosis of the internal 
obhque and the transversns abdominis mnseles 

7. Extraperitoneal fat; avoid entering the peritoneal eavity 

8. Diaphragm 

9. Perieardinm (fibrons perieardinm and parietal serons 
perieardinm) 

The long large-bore needle is advaneed throngh 
the above strnetnres and when perieardial penetration is 
aehieved there is a sndden “give.” The needle is eonneeted 
to a 20-mL syringe with a three-way stopeoek to permit 
aspiration of the flnid. 


Anatomy of Complications 

1. The needle is advaneed too far and enters the my- 
oeardinm of the right ventriele. 

2. The needle pierees the anterior deseending braneh of 
the left eoronary artery. 

3. The needle enters the plenral eavity, prodneing a pnen- 
mothorax or a hydropneumothorax. 

4. The needle pierees the liver. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

A 61-year-old man was seen in the emergeney depart- 
ment eomplaining of a feeling of pressnre within his 
ehest. On questioning, he said that he had several attaeks 
before and that they had always oeenrred when he was 
elimbing stairs or digging in the garden. He fonnd that 


the diseomfort disappeared with rest after abont 5 min- 
ntes. The reason he eame to the emergeney department 
was that the ehest diseomfort had oeenrred with mneh 
less exertion. 

1. The following eomments eoneerning this ease are eor- 
reet except whieh? 

A. The diagnosis is a elassie ease of angina peetoris. 
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B. The sudden ehange in history, that is, pain eansed 
by less exertion, shonld eanse the physieian eoneern 
that the patient now has nnstable angina or an aetnal 
myoeardial infaretion. 

C. The afferent pain fibers from the heart aseend to the 
eentral nervons system throngh the eardiae branehes 
of the sympathetie trnnk to enter the spinal eord. 

D. The afferent pain fibers enter the spinal eord via the 
posterior roots of the tenth to the twelfth thoraeie 
nerves. 

E. Pain is referred to dermatomes siipplied by the up- 
per four intereostal nerves and the intereostal 
braehial nerve. 

A 55-year-old woman has severe aortie ineompetenee, 
with the blood retnrning to the eavity of the left ventri- 
ele dnring ventrienlar diastole. 

2. To hear the aortie valve with the least interferenee from 
the other heart sounds, the best plaee to plaee your 
stethoseope on the ehest wall is 

A. the right half of the lower end of the body of the 
sternnm. 

B. the medial end of the seeond right intereostal spaee. 

C. the medial end of the seeond left intereostal spaee. 

D. the apex of the heart. 

E. the fifth left intereostal spaee 3.5 in. (9 em) from the 
midline. 

A 33-year-old woman was jogging aeross the park at 11 
PM when she was attaeked by a gang of youths. After she 
was brntally mngged and raped, one of the youths de- 
eided to stab her in the heart to keep her silent. Later in 
the emergeney department she was uneonseious and in 
extremely poor shape. A small wound about 0.5 in. in di- 
ameter was present in the left fifth intereostal spaee 
abont 0.5 in. from the lateral sternal margin. Her earotid 
pulse was rapid and weak, and her neek veins were dis- 
tended. No evidenee of a left-sided pneumothorax ex- 
isted. A diagnosis of eardiae tamponade was made. 

3. The following observations are in agreement with the 
diagnosis except whieh? 

A. The tip of the knife had piereed the perieardium. 

B. The knife had piereed the anterior wall of the left 
ventriele. 

C. The blood in the perieardial eavity was nnder right 
ventrienlar pressure. 

D. The blood in the perieardial eavity pressed on the 
thin-walled atria and large veins as they traversed the 
perieardinm to enter the heart. 

E. The baeked-up venons blood eansed eongestion of 
the veins seen in the neek. 

E. The poor venous retnrn severely eompromised the 
eardiae output. 

C. A left-sided pneumothorax did not oeeur beeanse 
the knife passed through the eardiae noteh. 


A 38-year-old woman was taken from the seene of an au- 
tomobile aeeident to the loeal hospital. She had been 
driving her ear without a seat belt on and had hit a ntil- 
ity pole head on. On examination she was eonseious and 
alert but had snstained severe faeial and ehest injnries. 
A earefnl examination of the ehest eage revealed the 
presenee of a sternal fraetnre (middle of the body) and 
fraetnres of the third and fonrth left ribs near their eos- 
toehondral jnnetions. After an extensive workup it was 
deeided that the patient had a rnptnred perieardinm. 

4. The following observations are in agreement with the 
diagnosis except whieh? 

A. Blnnt tranma had been applied to the anterior ehest 
wall. 

B. The fraetnres of the third and fourth left ribs were 
sitnated over the anterior snrfaee of the heart. 

C. The left dome of the diaphragm was paralyzed. 

D. The patient had taehyeardia. 

E. The right lateral margin of the perieardium was the 
site of the rnptnre. 

E. There were diminished breath sonnds over the 
lower lobe of the left Inng. 

A 21-year-old man was walking along a eity street when 
suddenly a bnrst of automatie gunfire eame from a pass- 
ing ear. The man, who was an innoeent bystander, was 
strnek in the front of the ehest by a stray bullet. He was 
rnshed to the emergeney department by an ambulanee. 
The position of the entry wound was the fourth left 
intereostal spaee about 3 in. from the midline. 

5. The following observations are in agreement with the 
findings in this patient except whieh? 

A. The right ventriele is the most likely ehamber of the 
heart to be injnred should a bnllet enter the frontal 
snrfaee of the ehest. 

B. If the bullet eontinnes on its path, the left ventriele 
is also damaged, sinee the left ventriele lies posterior 
to the right ventriele. 

C. The eireumflex braneh of the left eoronary artery 
may be damaged by the bullet as it rnns down the 
anterior snrfaee of the heart. 

D. The ehordae tendineae of the anterior eusp of the 
trieuspid valve eonld be injnred. 

A 5-year-old boy was seen in the emergeney room fol- 
lowing an attaek of breathlessness dnring whieh he had 
lost eonseionsness. The mother, on questioning, said 
that her ehild had had several sneh attaeks before and 
sometimes his skin had beeome blnish. Reeently she 
had notieed that he breathed more easily when he was 
playing in a squatting position; he also seemed to sleep 
more easily with his knees drawn up. On physieal ex- 
amination, the ehild was fonnd to be thinner and 
shorter than normal. His lips were eyanotie, and his fin- 
gers and toes were elnbbed. A systolie mnrmnr was 
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present along the left border of the sternnm, and the 
heart was eonsiderably enlarged to the right. An exten- 
sive workup, inelnding angiography, demonstrated 
tetralogy of Fallot. 



Using yonr knowledge of eardiae developmenk eriti- 

eally read the following observations made in this ease 

and determine the one that is ineorreet. 

A. The systolie mnrmnr heard along the left border of 
the sternnm was eansed by the pnlmonary stenosis. 

B. A right-to-left shnnt of blood oeenrs throngh the 
large ventrienlar septal defeet. 

e. The aortie blood is poorly oxygenated resnlting in 
the impaired growth of the ehild, the eyanosis of the 
lips, and the elnbbing of the fingers and toes 

D. Maintaining the squatting position dnring play and 
sleeping with the knees drawn up inereases the pe- 
ripheral resistanee in the systemie eirenlation and 
deereases the right-to-left shnnt throngh the ventrie- 
nlar septnm. 

E. Ifthe patient had a large dnetns arteriosns as well as the 
tetralogy of Falloh the eyanosis would be mneh worse. 


A 43-year-old woman was seen in the emergeney de- 
partment eomplaining of a severe loealized pain over 
the left side of the ehest. She stated that the pain started 
quite snddenly, abont 1 honr previonsly, when she was 
reaehing for a book on a high shelf. On fnrther ques- 
tioning she diselosed that she had been sailing with her 


hnsband the previons day and that they had been 
eanght in a storm. She deseribed the pain as a eontinn- 
ons dnll aehe that was made worse by taking deep 
breaths and nsing the left arm. She indieated that the 
pain was loealized over the sixth left eostal eartilage 
abont 2 in. to the left of the sternnm, whieh eorre- 
sponded to an area of tenderness over the sixth left eos- 
toehondral jnnetion. 

7. The following possible eonditions eonld explain the se- 
vere ehest pain. Ghoose the most likely diagnosis based 
on yonr knowledge of anatomy. 

A. Myoeardial infaretion 

B. Lobar pnenmonia of the left Inng 

e. Tearing of mnsele fibers in the ehest wall, possibly 
the serratns anterior mnsele 

D. Separation of the sixth left eostoehondral joint or an 
aente eostoehondritis 

E. Left-sided plenrisy 

8. The following anatomie strnetnres are penetrated by a 
needle when performing a perieardioeentesis except 
whieh? 

A. Skin and snbentaneons tissne 

B. The aponenroses of the external and internal 
obhque mnseles 

e. The left parietal and viseeral layers of plenra 

D. The reetns abdominis mnsele 

E. The diaphragm and fibrons perieardinm 




1. D is the eorreet answer. The afferent pain fibers from 
the heart enter the spinal eord via the posterior nerve 
roots of the npper fonr thoraeie spinal nerves. 

2. B is the eorreet answer. The best loeation to plaee yonr 
stethoseope on the ehest wall to hear the aortie valve is 
the medial end of the seeond right intereostal spaee (see 

CD Fig. 4-2). 

3. B is the eorreet answer. The knife had piereed the an- 
terior wall of the right ventriele. 

4. E is the eorreet answer. The left lateral margin of the 
perieardinm had rnptnred, injnring the left phrenie 
nerve; this resnlted in the paralysis of the left dome of 
the diaphragm and the diminished breathing heard 
over the lower lobe of the left Inng. 

5. e is the eorreet answer. The anterior interventrienlar 
(deseending) braneh of the left eoronary artery is the 
most likely artery to be damaged in sneh a wound 
throngh the frontal snrfaee of the ehest. 


6. E is the eorreet answer. The tetralogy of Fallot eonsists 
of the following: (1) a large ventrienlar septal defeeh (2) 
a stenosis of the pnlmonary trnnk or the pnlmonary 
valve, (3) an exit of the aorta that lies immediately above 
the ventrienlar septal defeet and thns eommnnieates 
with both ventrieles, and (4) a right ventrienlar hyper- 
trophy seeondary to the ventrienlar septal defeet and 
pnlmonary stenosis. Shonld the ehild have a large 
patent dnetns arteriosns, eyanosis is redneed to a mini- 
mnm. This is beeanse a large patent dnetns allows aor- 
tie blood to enter the pnlmonary trnnk distal to the 
stenosis of the pnlmonary artery or valve and, in this 
way, enables the blood to enter the pnlmonary eirenla- 
tion for oxygenation. 

7. D is the eorreet answer. Separation of the sixth left 
eostoehondral joint or an aente eostoehondritis ean be 
extremely painfnl eonditions. The injnry mnst have oe- 
enrred when the patient was pnlling on the ropes of the 
sailing boat dnring the storm on the previons day. The 
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joint is innervated by the sixth intereostal nerve and the 
pain is loealized over the affeeted joint. This ease is a 
good example of somatie pain that may be intense and 
loealized, in eontradistinetion to viseeral pain, whieh is 
diffnse and poorly loealized. 

8. C is the eorreet answer. By plaeing the needle eorreetly 
in the angle between the xiphoid proeess and the left 


eostal margin and direeting the tip of the needle up- 
ward, baekward, and to the left toward the left shonlder, 
the left plenra is not piereed. By passing the needle 
throngh the eardiae notehes of the left Inngs and plenra 
both these strnetnres are avoided (see CD Fig. 4-5). 
Entry of the needle into the plenral eavity prodnees a 
pneumothorax or hydropneumothorax. 
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LARGE ARTERIES 
DE THE THDRAX 

The Aorta 

Aseending Aorta and the Perieardìnm 

The entire aseending aorta lies within the perieardial sae. 
Consequently, tear or rnptnre of this part of the aorta resnlts 
in a massive ontponring of blood into the perieardial eavity, 
prodneing eardiae tamponade. 



eoaretation of the Aorta 

Goaretation of the aorta is a eongenital narrowing of the aorta 
jnst proximal, opposite, or distal to the site of attaehment of 
the ligamentnm arteriosnm (CD Fig. 5-1). dinieally, the 
eardinal sign of aortie eoaretation is absent or diminished 
pnlses in the femoral arteries of both lower limbs. To eom- 
pensate for the diminished volnme of blood reaehing the 
lower part of the body, an enormons eollateral eirenlation 
develops, with dilatation of the internal thoraeie, snbelavian, 
and posterior intereostal arteries. The dilated intereostal 
arteries erode the lower borders of the ribs, prodneing ehar- 
aeteristie notehing, whieh is seen on radiographie examina- 
tion. The eondition shonld be treated snrgieally. 


Aneurysm of the Areh of the Aorta 

The areh of the aorta lies behind the mannbrinm sterni. A 
gross dilatation of the aorta (anenrysm) may show itself as a 
pnlsatile swelhng in the snprasternal noteh. 


Trauma to the Aorta ìn the Thorax 

Deeeleration lnjuries 

The heart is snspended from the aorta mneh like a weight 
attaehed to the end of a enrved pieee of flexible tnbing. 
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CD Fìgure 5-1 Coarctation of the aorta. 


In horizontal deeeleration injnries the movement of 
the body is snddenly stopped and the heart eontinnes to 
move forward within the perieardial sae. The deseending 
thoraeie aorta from the point of origin of the left snbelavian 
artery onward is firmly attaehed to the vertebral eolnmn by 
eonneetive tissne and plenra. As the heart eontinnes to 
move forward on body impaeh the enrve of the areh of the 
aorta is slightly straightened and the vessel shears jnst distal 
to the origin of the left snbelavian artery. The aorta may be 
eompletely transeeted and be aeeompanied by a massive 
hemorrhage. If the tranma to the aorta is less, a tear may 
oeenr in the aortie wall, leaving the more resilient onter 
eonneetive tissne eoat intaet. Blood then disseets between 
the layers of the aortie wall, prodneing a false anenrysm. 

In vertieal deeeleration injnries, as in falls from a 
height, the violent pnll of the heart on the end of the aortie 
areh eanses a tear in the inner eoat of the aortie wall at the 
root of the aseending aorta. If rnptnre of the aseending aorta 
shonld ensne, the aortie blood would bnrst into the periear- 
dial sae, eansing immediate eardiae tamponade. The 
aseending aorta together with the pnlmonary trnnk is snr- 
ronnded only by a thin sleeve of serons perieardinm and by 
the fibrons perieardinm. Onee the sleeve of serons peri- 
eardinm gives way, the blood enters the perieardial eavity, 
eansing eardiae tamponade. Most of these injnries are fatal. 

Penetrating lnjuries of the Aorta 

Penetrating vasenlar injnries are likely to oeenr when the 
entranee and exit wounds are on opposite sides of the ehesh 
indieating that the bnllet has erossed the midline of the 
ehest. Penetrating injnries involving blood vessels and not 
the heart have the highest mortality when they oeenr in the 
snperior mediastinnm; here the aortie areh gives rise to its 
major branehes, and the snperior vena eava and braehio- 
eephalie veins are present. 


The Deseending Thoraeie Aorta and the 
Esophagus in Posterior Thoraeotomy 

The relationship of the aorta and the esophagns in the pos- 
terior mediastinnm is important when distingnishing 
between these strnetnres when performing an emergeney 
thoraeotomy. 

The Deseendìng Thoraeie Aorta and 
Left Hemothorax 

The elose relationship of the deseending thoraeie aorta to 
the left plenra and Inng means that rnptnre of the aorta may 
oeenr into the left plenral eavity, prodneing a massive 
hemothorax. 

Aortìe Disseetìon 

This is the most serions and diffienlt form of aortie disease 
to treat (CD Fig. 5-2). Degeneration of the tnniea media 
of the aortie wall is believed to be the basie eanse, and the 
eondition is assoeiated with a history of hypertension in the 
majority of patients. Marfan's disease ean also be responsi- 
ble for the degeneration. Hemorrhage oeenrs throngh the 
tnnieal intima and extends as an expanding hematoma 
between the middle and onter thirds of the tnniea media. 
The initial tear may oeenr anywhere along the thoraeie 
aorta. Type A (proximal disseetion) involves the aseend- 
ing aorta or aseending and deseending aorta (see CD Fig. 
5-2). Type B (distal disseetion) does not involve the 
aseending aorta and nsnally begins distal to the left snbela- 
vian artery. The elinieal signs and symptoms will depend 
on the type of anenrysm present and the extent of distal 
propagation. 

The sndden onset of excruciating, sharp, tearing pain 
loealized to the front or the baek of the ehest and baek is a 
typieal presenting symptom. It mnst be assnmed that the 
pain impnlses originate in the aortie wall, aseend to the 
eentral nervons system along with the sympathetie nerves, 
and enter the spinal eord throngh the posterior roots of the 
segmental spinal nerves. The pain is then referred along 
the somatie spinal nerves of the same segments. The nnm- 
ber of dermatomes involved will depend on the extent of 
the disseetion. If the disseetion eontinnes to spread distally, 
the pain may be felt segmentally in the abdomen, lower 
baek, and legs. 

An anenrysm of the aseending aorta has the highest 
mortality sinee it may rnptnre into the perieardial eavity, pro- 
dneing immediate eardiae tamponade; it may rnptnre into 
the mediastinnm or plenral eavities; it may extend into the 
eoronary arteries, eansing oeelnsion; or it may extend to 
the aortie valve, prodneing aente aortie ineompetenee. 
Involvement of the braehioeephalie^ left eommon earotid^ or 
left snbelavian arteries at their origin from the aortie areh may 
give rise to symptoms of eerebral isehemia or npper limb 
isehemia. 
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CD Fìgure 5-2 Aortie dissee- 
tion. Type A (proxinnal dissee- 
tion) involves the aseending 
aorta or aseending and deseend- 
ing aorta. Type B (distal dissee- 
tion) does not involve the 
aseending aorta. 


An anenrysm of the deseending thoraeie aorta ean rnp- 
tnre into the plenral eavity on the left side. If the disseetion 
progresses distally to involve the abdominal aorta, oeelnsion 
of the mesenterie arteries eonld resnlt in bowel infaretion, 
and oeelnsion of the renal arteries eonld resnlt in renal 
failnre. Isehemie neerosis ofthe spinal eord resnlting in para- 
plegia eonld follow bloekage of the posterior intereostal 
arteries arising from the thoraeie aorta or the Inmbar arteries 
arising form the abdominal aorta. 

Rnptnre of the anenrysm below the diaphragm may 
prodnee eatastrophie retroperitoneal hemorrhage. 

The PdiTiDnary Trnnk 

Penetratìng Injnries of the Pnlmonary 
Trunk 

Any missile injnry with entry or exit wounds elose to the 
mannbrinm sterni may damage the pnlmonary trnnk or any 
other vessel in the snperior mediastinnm^ Remember that 
the pnlmonary trnnk and the aseending aorta together are 
snrronnded by a sheath of serons perieardinm within the 
fibrons perieardinm (see text Fig. 4-21), so that hemorrhage 


into the perieardial eavity from either of these vessels eonld 
resnlt in eardiae tamponade. 

Pulmonary Artery (Swan-Ganz) 
eatheterizatìon 

The pnlmonary artery eatheter is nsed to assess left and right 
ventrienlar fnnetion, measnre pnlmonary artery and right and 
left atrial pressnres, measnre eardiae ontpnt, and take samples 
of right atrial and pnlmonary arterial blood. 

The eatheter is introdneed throngh the right internal 
jngnlar vein, right snbelavian vein, right basilie vein, or the 
femoral vein. The eatheter is advaneed into the right atrinm 
throngh the trienspid valve into the right ventriele (CD Fig. 
5-3). The balloon is advaneed into the pnlmonary trnnk and 
then into the left pnlmonary artery. 

Pulmonary Embolism 

In the great majority of patients, the pnlmonary emboli arise 
from a thrombosis in the large deep veins of the lower 
extremity, espeeially from the femoral veins, and from the 
internal iliae veins in the pelvis. Thromboses in the veins of 
the ealf mnseles following prolonged immobility, sneh as 
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eatheter 


CD Figure 5-3 Pulmonary artery (Swan-Ganz) eatheterization. A. The eatheter has been 
introduced through the right internal jugular vein (posterior approaeh). B. Diagram show- 
ing the course taken by the eatheter through the right side of the heart into the pulmonary 
trunk and the left pulmonary artery. 


eommonly oeenrs in long-distanee plane flights, may be the 
origin of pnlmonary emboli. 


EMBRYOLOGie NOTE 


Detailed Development of the Large Arteries 
of the Thorax and the Ductus Arteriosus 

The truncus arteriosus, which is the distal part of the 
bulbus eordis (CD Fig. 5-4) is continuous beyond the peri- 
cardium with a large vessel ealled the aortie sae. This sae 
gives off two branehes, eaeh of which runs dorsally in the 
first pharyngeal areh on eaeh side in the developing em- 
bryo. The branehes then pass caudally in the posterior 
wall of the embryo as the two dorsal aortae. Five addi- 
tional arteries now join the aortie sae to the dorsal aortae 
(see CD Fig. 5-4). Meanwhile, the two dorsal aortae fuse 
throughout much of their lengths to form the deseend- 
ing thoraeie aorta and the abdominal aorta. 


The aseending aorta below the right pulmonary 
artery and the main pulmonary trunk are derived from the 
truncus arteriosus (see CD Fig. 5-4). The aorta, from the 
level of the right pulmonary artery up tothe level of the left 
eommon earotid artery, is derived from the aortie sae. 

The braehioeephalie artery also is formed from 
the aortie sae. The remainder of the areh of the aorta is 
formed from the left fourth aortie areh artery and the left 
dorsal aorta (see CD Fig. 5-4). 

The fourth right aortie areh artery beeomes the root 
of the right sobelavian artery, which also is derived in 
sequence from a small part of the right dorsal aorta and 
the right seventh segmental artery. 

The third aortie areh artery on both sides beeomes 
the eommon earotid artery; this sends off a bud of 
mesenehyme that beeomes the external earotid 
artery. The remainder of the third aortie areh artery and 
part of the dorsal aorta form the internal earotid artery 
on eaeh side. 
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CD Fìgure 5-4 The formation and fate of the aortie areh arteries 


The first, seeond, and fifth aortie areh arteries 
disappear eompletely. The right and left pulmonary 
arteries are formed from the sixth aortie areh arteries. 
The distal part of the right sixth aortie areh artery 
disappears, while the remainder of the left sixth aortie 
areh artery beeomes the important ductus arteriosus, 
which after birth beeomes the ligamentum arte- 
riosum. 

The deseending thoraeie aorta below the level of 
the fourth thoraeie vertebra is formed from the fusion of 
the dorsal aortae (see CD Fig. 5-4). 

eongenital Anomalìes 
Patent Ductus Arteríosus 

The ductus arteriosus represents the distal portion of the 
sixth left aortie areh and eonneets the left pulmonary 
artery to the beginning of the deseending aorta (see CD 
Fig. 5-4). During fetal life, blood passes through it from 
the pulmonary artery to the aorta, thus bypassing the 
lungs. After birth, it normally eonstriets, later eloses, and 
beeomes the ligamentum arteriosum. 

Failure of the ductus arteriosus to elose may occur as 
an isolated eongenital abnormality or may be assoeiated 


with eongenital heart disease. A persistent patent ductus 
arteriosus results in high-pressure aortie blood passing 
into the pulmonary artery, which raises the pressure 
in the pulmonary circulation. A patent ductus arteriosus 
is life threatening and should be ligated and divided 
surgically. 

Coarctation of the Aorta 

Coarctation of the aorta is a eongenital narrowing of the 
aorta just proximal, opposite, or distal to the site of attaeh- 
ment of the ligamentum arteriosum (see CD Fig. 5-1). This 
eondition is believed to result from an unusual quantity of 
ductus arteriosus muscle tissue in the wall of the aorta. 
When the ductus arteriosus eontraets, the ductal muscle in 
the aortie wall also eontraets, and the aortie lumen be- 
eomes narrowed. Later, when fibrosis takes plaee, the aor- 
tie wall also is involved, and permanent narrowing occurs. 

Double Aorta and Right Aortie Areh 

Anomalies involving double parts of the arterial system 
are rare eonditions that result from the persistenee of 
aortie areh arteries, which normally disappear. In the 
ease of the right aortie areh, the development of the left 
areh does not take plaee. 
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EMBRYOLOGie NOTE 


Fetal Circulatìon and Ghanges in Fetal 
Circulation at Birth 


Penetrating Injnries 

As has been emphasized before with arterial injnries, the 
highest mortality ean oeenr in penetrating injnries in the re- 
gion of the snperior mediastinnm. Behind the mannbrinm 
sterni lie not only the aortie areh and its large branehes bnt 
also the right and left braehioeephalie veins and the snperior 
vena eava. Moreover, the thoraeie eage may hide the extent 
of the bleeding, whieh may take plaee entirely within the 
thoraeie eavity. The eage also renders the veins relatively 
inaeeessible to the operating physieian. 

Migrating Bnllets 

Bnllets entering a large artery or vein may migrate with the 
blood from their site of entranee. Bnllets in the aorta ean 
migrate to the distal branehes nntil they beeome wedged, 
eansing bloekage and isehemia. In the same manner, a 
bnllet entering a pnlmonary vein ean migrate to the left 
atrinm and left ventriele and enter the systemie eirenlation. 
A bnllet entering the snperior vena eava ean migrate into the 
right atrinm and right ventriele and enter the pnlmonary 
eirenlation. Paradoxie movement of bnllets throngh a 
patent atrial septnm has been reported. 

5uperÌDr Vena Cava or 

Braehioeephalie Vein 
Thranrihosis 

This eondition nsnally resnlts from eompression of the veins 
by tnmors in the snperior mediastinnm; enlarging lymph 
node metastases seeondary to a bronehial eareinoma is a 
eommon eanse. Venons bloekage resnlts in engorgement of 
the veins of the head and neek. 

Imporlant ennneelions hetween 
the Soperinr and Inferior Venae 

CavaB 

In obstrnetion of the snperior or inferior venae eavae, the 
azygos veins provide an alternative pathway for the retnrn of 
venons blood to the right atrinm of the heart. This is possi- 
ble sinee these veins and their tribntaries eonneet the snpe- 
rior and inferior venae eavae (CD Fig. 5-5). 


Fetal Circulation 

Starting at the plaeenta, the fetal blood may be traeed in 
the circulation as follovvs: 

Having circulated through the eapillaries of the pla- 
eental villi, the fetal blood returns through the umbilical 
vein to the fetus about 80% saturated vvith oxygen and 
eontaining many important nutrients, antibodies, and 
hormones (CD Fig. 5-6). The oxygenated blood then 
passes tovvard the liver. Hovvever, the greater volume of 
it bypasses the liver, sinee this organ is not fully func- 
tioning, and travels to the inferior vena eava by vvay of 
the ductus venosus. The remainder is distributed to the 
liver sinusoids by offshoots of the umbilical vein, and this 
in turn passes to the inferior vena eava by the hepatie 
veins. At the same time, the ductus venosus reeeives 
poorly oxygenated blood from the gut by vvay of the left 
braneh of the portal vein. In addition, the inferior vena 
eava already eontains venous blood from the lovver part 
of the trunk and the lovver limbs of the fetus. As a eonse- 
quence of this admixture of blood from these various 
sources, the inferior vena eava eontains blood about 67% 
saturated vvith oxygen. 

Before eonsidering the further passage of the fetal 
blood, it is neeessary to examine the anatomie arrange- 
ment of the inferior vena eava and its relationship vvith 
the right and left atria in the fetal heart (CD Fig. 5-7). In the 
fetus, the opening of the inferior vena eava into the right 
atrium lies direetly opposite the foramen ovale. Thus, 
blood entering the heart through the inferior vena eava is 
direeted through the foramen ovale and enters the left 
atrium. This proeess is assisted by the presenee of the 
valve of the inferior vena eava. 

The nutritious oxygenated fetal blood, on reaehing 
the foramen ovale, is divided into tvvo streams by the 
erista dividens, vvhieh is the lovver margin of the sep- 
tum secundum. The greater volume of blood enters the 
left atrium, and the remainder, joined by venous blood 
from the superior vena eava and eoronary sinus, passes 
from the right atrium into the right ventriele. 

The oxygenated blood in the left atrium is joined by 
a relatively small volume of blood from the nonaerated 
fetal lungs. The left atrial blood then passes into the left 
ventriele and out into the aorta. The oxygen saturation of 
this blood is about 62%. This is distributed ehiefly to the 
arteries of the head, neek, and upper extremities. Thus, it 
is apparent that blood that is rieher in oxygen and nutri- 
ents is transported to the eephalie region rather than the 
caudal regions of the fetus. 
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CD Fìgure 5-5 The possible eol- 
lateral eireolations of the soperior 
and inferior venae eavae. Note the 
alternative pathvvays that exist for 
blood to return to the right atriunn 
of the heart if the superior vena 
eava beeonnes bloeked belovv the 
entranee of the azygos vein {upper 
blaek bar). Sinnilar pathvvays exist 
ifthe inferior vena eava beeonnes 
bloeked belovv the renal veins 
{lower blaek bar). Note also the 
eonneetions that exist betvveen the 
portal circulation and systemie 
veins in the anal eanal. 


Meanvvhile, the right ventricular blood passes into 
the pulmonary trunk. Only a small portion of this passes 
into the unexpanded lungs, sinee the vascular resistanee 
is high. Most of the blood bypasses the lungs by being 
direeted through the vvide ehannel, the ductus arterio- 
sus, into the deseending thoraeie aorta (see CD Fig. 5-6). 

The novv relatively poor oxygenated blood passes 
dovvn the deseending thoraeie and abdominal aortae and 
supplies the thoraeie and abdominal viseera and lovver 
limbs. The fetal blood, vvhieh by this time is loaded vvith 
vvaste products of metabolism and earbon dioxide, then 
returns to the plaeenta through the right and left umbili- 
eal arteries, vvhere the vvaste products and earbon 
dioxide are eliminated and oxygen is pieked up. The eir- 
culatory eyele then is repeated. 


ehanges ìn Fetal Cìrculatìon at Bìrth 

Immediately after birth the umbilical eord is tied, 
thus severing the plaeental extension of the fetal 
circulation. 


PHYSIOLOGie NOTE 


Blood Flow in the Llmbilieal Cord after 
Delivery 

In eases in vvhieh the umbilical eord is not tied, the blood 
flovv may continue for several minutes after delivery, 
although at a rapidly deereasing rate. A number of fae- 
tors may contribute to this diminishing flovv, including (1) 
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nonaerated lung 


supenor vena eava 


foramen ovale 


pulmonary trunk 


inferior vena eava 



ductus arter1osus 


abdominal aorta 


umbilical arteries 


plaeenta 


CD Figure 5-6 Fetal circulation. R.A. = right atriunn, R.V. = right ventriele, L.A. = left 
atrium, L.V. = left ventriele. 


the eontraetion of the uterus and the effeet of this on the 
plaeental attaehment and (2) eonstrietion of the umbilical 
vessels as the result of meehanieal stimulation or the 
presenee in the fetal circulation of eateeholamines. The 
fetal blood volume may be inereased by as much as 100 
mL if the tying of the eord is delayed. Hovvever, it gener- 
ally is agreed that there is no advantage in delaying the 
tying beyond a minute after delivery. 


The interruption of umbilical flovv vvhen the eord is tied 
results in an immediatefall in blood pressure in the inferior 
vena eava. This faet, coupled vvith the inereased left atrial 
pressurefrom the inereased pulmonary blood flovv, causes 
the foramen ovale to elose (CD Fig. 5-8). From that moment 
onvvard the valve of theforamen ovale is kept elosed by the 
hemodynamie ehanges, and vvithin a fevv days of birth the 
valve beeomes attaehed to the edge of the foramen ovale. 
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superior vena eava 



CD Fìgure 5-7 Relationship betvveen 
the opening of the inferior vena eava 
and the forannen ovale. 


aerated lung 


superior vena eava 


fossa ovalis 


valve of inferior 


vena eava 


inferior vena eava 


1 i ver 


ligamentum teres 


obliterated 
umbilical afteries 


pulmonary trunk 



1igamentum 
arteriosum 


abdominal aorta 


CD Fìgure 5-8 The circulatory 
systenn after birth. Gonnpare 
this vvith the circulation in the 
fetus (CD Fig. 5-6). R.A. = right 
atriunn, R.V. = right ventriele, 
L.A. = left atriunn, L.V. = left 
ventriele. 
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The diminished pulmonary vascular resistanee asso- 
eiated with inflation of the lungs cause the direetion of 
flow (from right to left) through the ductus arteriosus 
to be ehanged to the neonatal route of left to right. The 
ductus arteriosus eonstriets as a reaetion of its muscle 
to the raised oxygen tension. It later eloses and beeomes 
the ligamentum arteriosum. One week after birth its 
lumen is 2 mm or less in diameter, and by the end of the 
first month it usually has elosed (see CD Fig. 5-8). In ad- 
dition, the wall of the ductus venosus eontraets and the 
lumen is elosed. Later the ductus beeomes fibrosed to 
form the ligamentum venosum. 


PHYSIOLOGie NOTE 


The Heart in the Nevvborn 

The heart in the newborn is relatively large and is higher 
in the thorax and in a more horizontal position than it is 
in later life. The pulse rate is rapid, with an average of 130 
beats per minute. The rate may rise eonsiderably with 
erying and fall to around 80 during sleep. The peripheral 
circulation initially is slow in the newborn. The hands and 
feet may be eold and slightly eyanotie for the first few 
hours after birth. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

1. A 16-year-old girl, on examination in the doetohs of- 
fiee, was fonnd to have absent pnlses in both femoral 
arteries. In addition, her blood pressnre was higher 
in both npper limbs than in both lower limbs. 
An anteroposterior radiograph of the ehest showed 
notehing of the neeks of the npper ribs on both sides. 
What is yonr diagnosis? Why is there notehing of the 
ribs? 

2. Name the eommon sites on the thoraeie aorta where 
damage oeenrs in blnnt tranma. Between 80% and 90% 
of sneh injnries resnlt in immediate death. Explain in 
anatomie terms the path eommonly taken by the eseap- 
ing blood in eases of tranmatie rnptnre of the thoraeie 
aorta. Name the tissnes that ean sometimes temporarily 
eontrol the leak, thns permitting the patients to be taken 
to the emergeney department alive. 

3. A 56-year-old man was seen in the emergeney depart- 
ment eomplaining of swelling of both arms. On 
questioning, he said that he first notieed that his hands 


were swollen 3 weeks earlier. He admitted being a heavy 
smoker and had on several oeeasions eonghed up blood- 
stained spntnm. On examination, his faee looked pnffy, 
espeeially aronnd the eyes. Pitting edema was present in 
both the npper limbs, the faee, and the neek. With the 
patient in the reenmbent position, nnmerons dilated su- 
perfieial veins were seen over the ehest wall and ab- 
domen. Later a ehest radiograph revealed a large opae- 
ity in the npper lobe of the right Inng. A diagnosis of ad- 
vaneed bronehogenie eareinoma of the right npper lobe 
was made. Can yon explain the presenee of edema in 
both the npper limbs, the faee, and the neek? What is the 
eanse of the dilated snperfieial veins of the ehest and ab- 
dominal walls? Is there normally eommnnieation be- 
tween the main veins draining the npper part of the body 
and those draining the lower half of the body? 

4. A fonrth-year medieal stndent was asked by a pediatri- 
eian what faetors are responsible for the elosnre of the 
foramen ovale in the atrial septnm at birth. The stndent 
also was asked if oxygenated or deoxygenated blood nor- 
mally passes throngh the foramen ovale dnring fetal 
life. How would yon answer these questions? 





1. Goaretation of the aorta is a narrowing of the aorta jnst 
proximal, opposite, or distal to the site of attaehment of 
the ligamentnm arteriosnm. It is believed to resnlt from 
the presenee of an nnnsnal quantity of dnetns arteriosns 
mnsele tissne ineorporated in the wall of the aorta. 
When the dnetns arteriosns eontraets after birth, the 


dnetns mnsele in the aortie wall also eontraets and the 
aortie Inmen beeomes narrowed. Later, fibrosis oeenrs 
and permanent narrowing takes plaee. The notehing of 
the lower borders of the ribs is eansed by the opening up 
of the eollateral eirenlation throngh the snbelavian, in- 
ternal thoraeie, and posterior intereostal arteries to earry 
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blood from above the eoaretation to the distal part of 
the aorta ; it is the dilated posterior intereostal arteries 
that noteh the ribs. 

2. Blnnt tranmatie injnry to the thoraeie aorta involving 
horizontal deeeleration oeenrs most eommonly jnst dis- 
tal to the origin of the left snbelavian artery. This site is 
vnlnerable sinee the heart and the aortie areh are mobile 
and the deseending aorta is fixed. Sndden vertieal de- 
eeleration, as in a fall, may resnlt in an intimal tear at the 
root of the aseending aorta; the momentnm of the heart 
filled with blood is snffieient to prodnee the tear. 

Rnptnre of the aseending aorta oeenrs into the periear- 
dial eavity, prodneing immediate eardiae tamponade 
and death. Rnptnre of the deseending thoraeie aorta 
frequently oeenrs into the left plenral eavity. The tear 
initially oeenrs in the tnniea intima; the tnniea media 
and adventitia and the snrronnding eonneetive tissne 
and the plenra may delay the eomplete rnptnre or tem- 
porarily eontrol the leak. If nntreated, delayed rnptnre 
and death nsnally oeenr in these eases within 2 weeks. 

3. The swelling of both npper extremities and the head 
and neek, eansed by edema, and the engorgement of 
the snperfieial veins of the ehest and abdominal walls 


elearly indieate the presenee of a snperior vena eaval 
obstrnetion. This obstrnetion was eansed by the ex- 
panding metastases in the mediastinal lymph nodes 
seeondary to the bronehogenie eareinoma. The dilated 
snperfieial veins inelnded the lateral thoraeie vein, a 
tribntary of the axillary vein; Inmbar veins, tribntaries 
of the inferior vena eava; and the snperfieial epigastrie 
vein, a tribntary of the great saphenons vein of the leg 
that drains into the femoral vein. These venons ehan- 
nels provide an alternative pathway in snperior vena 
eaval obstrnetion, permitting snperior vena eaval blood 
to retnrn to the heart via the inferior vena eava. The 
snperior vena eava normally eommnnieates with the 
inferior vena eava throngh the azygos veins. However, 
in this ease the tnmor was pressing on the snperior vena 
eava proximal to the entranee of the azygos vein. 

4. The foramen ovale is elosed after birth by the valve-like 
flap formed by the lower part of the septnm primnm 
pressing against the septnm seenndnm and fnsing with it. 
This takes plaee as a resnlt of a rise in blood pressnre in 
the left atrinm, whieh oeenrs onee the ehild takes a deep 
breath and the pnlmonary eirenlation is established. 
Dnring fetal life, oxygenated blood passes throngh the 
foramen ovale from the right atrinm to the left atrinm.. 
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LARGE ARTERIES 
DE THE HEAD AND 
NEEK 

Taking the Carotid Pnlse 

The bihireation of the eommon earotid artery into the in- 
ternal and external earotid arteries (see text Figs. 6-1 and 
6-3) ean be easily palpated jnst beneath the anterior border 
of the sternoeleidomastoid mnsele at the level of the snpe- 



rior border of the thyroid eartilage. This is a eonvenient site 
to take the earotid pnlse. 

Carotid Sinos Sensitivity 

In eases of earotid sinns hypersensitivity, pressnre on one or 
both earotid sinnses ean eanse exeessive slowing of the heart 
rate, a fall in blood pressnre, and eerebral isehemia with 
fainting. 

Faeial Artary Pnlsa 

The faeial artery (see text Fig. 6-1), as it winds aronnd the 
lower margin of the mandible level with the anterior border 
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of the masseter, is eommonly used by the anesthetist to take 
the patienf s pnlse. 

TEmporal Arlery Pulse 

The snperfieial temporal artery, as it erosses the zygomatie 
areh in front of the ear (see text Fig. 6-1), ean also be nsed 
by the anesthetist to take the patienf s pnlse. 

Middle MeningBal Artery and 
Extradural Hemnrrhage 

Extradural hemorrhage resnlts from injnries to the 
meningeal arteries or veins. The most eommon artery to be 
damaged is the anterior division of the middle meningeal 
artery (CD Fig. 6-1). A eomparatively minor blow to the side 
of the head, resnlting in fraetnre of the sknll in the region of 
the anteroinferior portion of the parietal bone, may sever the 
artery. The arterial or venons injnry is espeeially liable to 
oeenr if the artery and vein enter a bony eanal in this region. 
Bleeding oeenrs and strips up the meningeal layer of dnra 
from the internal snrfaee of the sknll. The intraeranial 
pressnre rises, and the enlarging blood elot exerts loeal 


pressnre on the nnderlying motor area in the preeentral 
gyrns. Blood may also pass outward throngh the fraetnre line 
to form a soft swelhng nnder the temporalis mnsele. 

To stop the hemorrhage, the torn artery or vein mnst be 
ligated or plngged. The bnrr hole throngh the sknll wall 
shonld be plaeed abont 1 to 1.5 in. (2.5 to 4 em) above the 
midpoint of the zygomatie areh (CD Fig. 6-2). 

Alhernsdernsis of the Carntid 
Arteries and Nenralngie Injnry 

Approximately 70% of strokes are eansed by extraeranial ar- 
terioselerosis of the earotid and/or vertebral arteries. In the 
earotid arteries the atheroselerotie thromboses nsnally form 
slowly in the distal part of the eommon earotid and the first 
parts of the external and internal earotid arteries. The resnlt 
is a diminished blood flow to the eentral nervons system. Less 
eommonly, emboli, formed of fragments of plaques or blood 
elots, are earried distally to lodge in the ipsilateral eentral 
artery of the retina or in the smaller branehes of the middle 
eerebral artery. Sneh a sitnation eonld prodnee the elassie 
syndrome of ipsilateral blindness and eontralateral hemiple- 
gia, althongh it is nnnsnal to have both at the same time. 


eentral sulcus 


motor area of eerebral cortex 



anterior braneh of 
middle meningeal artery 


baseline 


external oeeipital 
protuberance 


CD Fìgure 6-1 Sorfaee landmarks on the right side of the head. The relations of the mid- 
dle meningeal artery and the brain to the sorfaee of the skull are shovvn. 
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CD Fìgure 6-2 A. Sorfaee 
landnnarks for a tennporal burr 
hole. B. The vertieal ineision 
passes through the tennporalis 
nnuscle down to bone. The 
nniddle meningeal artery lies 
between the endosteal and 
meningeal layers of dura and is 
embedded in the endosteal 
layer of dura or lies in a bony 
tunnel. 


PenEtrating Neek InjnrÌES tn the 
Carntid ArterÌES 

Hemorrhage may be severe, with eonsequent hypotension 
or shoek. An enlarging hematoma may press on the larynx 
or traehea, eompromising the airway. Injnries to the internal 
earotid artery are nsnally assoeiated with a eentral nenro- 
logie defieit. Injnries to the eommon earotid arteries are less 


likely to eanse nenrologie problems, provided there is ade- 
quate eollateral eirenlation throngh the external earotid 
arteries and their branehes. 

AnEnrysms nf thE Carntid ArtErÌES 

Anenrysms of the earotid arteries in the neek are rare and are 
nsnally eansed by arterioselerosis. They are eommonly loeated 
at the bifnreation of the eommon earotid artery. Expansion of 
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the aneurysm may ereate pressnre on the vagns nerve (eansing 
hoarseness), glossopharyngeal nerve (eansing dysphagia), or 
hypoglossal nerve (eansing weakness of the tongne); pressnre 
on the sympathetie trnnk as it lies behind the earotid sheath 
may eanse Horner s syndrome. Rnptnre of the anenrysm re- 
snlting in hemorrhage may exert pressnre on snrronnding 
strnetnres and eompromise the airway (see text Fig. 6-5). 

eerEbral CirculatÌGn and the CirclB 

of Willis 

The eirele of Willis allows blood that enters by either internal 
earotid or vertebral arteries to be distribnted to any part of 
both eerebral hemispheres. The arterial eirele permits the 
blood to flow aeross the midline, as shown when the internal 
earotid or vertebral artery on one side is bloeked by disease. 

CDinprEssÌDn nf the 5ubclavian 

ArtEry and the Draehial P1bxus al 

the BnDt Df the Nec1í 

At the root of the neek, the braehial plexus and the snbela- 
vian artery enter the posterior triangle throngh a narrow 
mnsenlar-bony triangle (see text Fig. 6-2). The bonndaries 
of the narrow triangle are formed in front by the sealenns 
anterior, behind by the sealenns medins, and below by the 
first rib. In the presenee of a eervieal rib, the first thoraeie 
nerve and the snbelavian artery are raised and angnlated as 
they pass over the rib. Partial or eomplete oeelnsion of the 
artery eanses isehemie mnsele pain in the arm, whieh is 
worsened by exereise. Rarely, pressnre on the first thoraeie 
nerve eanses symptoms of pain in the forearm and hand and 
wasting of the small mnseles of the hand. 

CBrEbrDvascular DisBase 


inserting a graft. The graft most eommonly nsed is the great 
saphenons vein of the leg. In some patients, the my- 
oeardinm ean be revasenlarized by snrgieally mobilizing 
one of the internal thoraeie arteries (see text Fig. 6-2) and 
joining its distal ent end to a eoronary artery. 

PalpatÌDn and CDmprBssÌDn nf the 

Snbelavian Artery in Patients 

with Dpper Limb HBmDrrhage 

In severe tranmatie aeeidents to the npper limb involving 
laeeration of the braehial or axillary arteries, it is important 
to remember that the hemorrhage ean be stopped by ex- 
erting strong pressnre downward and baekward on the 
third part of the snbelavian artery (see text Fig. 6-2). The 
nse of a blnnt objeet to exert the pressnre is of great help, 
and the artery is eompressed against the npper snrfaee of 
the first rib. 



The SigmDÌd Sinus and InfEdÌDn 
frnm IfiB MasÌDÌd Antrnm 

Infeetion of the mastoid antrnm of the ear may spread 
to the sigmoid venons sinns, eansing thrombosis and 
septieemia. 


CavErnDus Sinus ThrnmhDsis and 
Faeial InfEetÌDn 


Gerebral isehemia 

Hneonseionsness oeenrs in 5 to 10 seeonds if the blood flow 
to the brain is eompletely ent off. Irreversible brain damage 
with death of nervons tissne rapidly follows eomplete arrest 
of eerebral blood flow. It has been estimated that nenronal 
fnnetion eeases after abont I minnte and that irreversible 
ehanges start to oeenr after abont 4 minntes, althongh this 
time may be longer if the patienfls body has been eooled. 

fntErnal Thnraeie ArlBry and 
eDranary Bypass DpBratÌDns 

In patients with oeelnsive eoronary disease eansed by ather- 
oselerosis, the diseased arterial segment ean be bypassed by 


The area of faeial skin bonnded by the nose, the eye, 
and the npper lip is a potentially dangerons zone to 
have an infeetion. For example^ a boil in this region ean 
eanse thrombosis of the faeial vein, with spread of 
organisms throngh the inferior ophthalmie veins to 
the eavernons sinns. The resnlting eavernons sinns 
thrombosis may be fatal nnless adequately treated with 
antibioties. 

SprBad Df Sealp InfBetÌDns and 
thE Emissary VBÌns 

Infeetions of the sealp tend to remain loealized and are 
nsnally painfnl beeanse of the fibrons tissne in the snben- 
taneons layer. Oeeasionally, an infeetion of the sealp 
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spreads by the emissary veins (see text Fig. 6-8), whieh are 
valveless, to the sknll bones, eansing osteomyelitis. Infeeted 
blood in the diploie veins may travel by the emissary veins 
farther into the venons sinnses and prodnee venons sinns 
thrombosis. 

Visibility of the External 
Jngnlar Vein 

The external jngnlar vein is less obvions in ehildren and 
women beeanse their snbentaneons tissne tends to be 
thieker than the tissne of men. In obese individnals, the vein 
may be diffienlt to identify even when they are asked to hold 
their breath, whieh impedes the venons retnrn to the right 
side of the heart and distends the vein. 

The snperfieial veins of the neek tend to be enlarged 
and often tortnons in professional singers beeanse of pro- 
longed periods of raised intrathoraeie pressnre. 

The External Jngnlar Vein as a 
Vennns Mannmeter 

The external jngnlar vein serves as a nsefnl venons manome- 
ter. Normally, when the patient is lying at a horizontal angle 
of 30°, the level of the blood in the external jngnlar veins 
reaehes abont one third of the way up the neek. As the pa- 
tient sits up, the blood level falls nntil it is no longer visible 
behind the elaviele. 

Eiternal Jngnlar VEÌn 

eatheterizatinn 

The external jngnlar vein ean be nsed for eatheterization, 
bnt the presenee of valves or tortnosity may make the 
passage of the eatheter diffienlt. Beeanse the right exter- 
nal jngnlar vein is in the most direet line with the snpe- 
rior vena eava, it is the one most eommonly nsed (CD 

Fig. 6-3). 

The vein is eatheterized abont halfway between the 
level of the erieoid eartilage and the elaviele. The passage of 
the eatheter shonld be performed dnring inspiration when 
the valves are open. 

PenBlrating Wnunds nf IhB 
fntErnal Jugular VBÌn 

The hemorrhage of low-pressure venons blood into the 
loose eonneetive tissne beneath the investing layer of deep 
eervieal faseia may present as a large, slowly expanding 
hematoma. Air embolism is a serions eomplieation of a 


laeerated wall of the internal jngnlar vein. Beeanse the wall 
of this large vein eontains little smooth mnsele, its injnry is 
not followed by eontraetion and retraetion (as oeenrs with 
arterial injnries). Moreover, the adventitia of the vein wall is 
attaehed to the deep faseia of the earotid sheath, whieh hin- 
ders the eollapse of the vein. Blind elamping of the vein is 
prohibited beeanse the vagns and hypoglossal nerves are in 
the vieinity. 

IntErnal Jugular VBÌn 
CathBtErizatinn 

The internal jngnlar vein is remarkably eonstant in position. 
It deseends throngh the neek from a point halfway between 
the tip of the mastoid proeess and the angle of the jaw to the 
sternoelavienlar joint. Above, it is overlapped by the anterior 
border of the sternoeleidomastoid mnsele, and below, it is 
eovered laterally by this mnsele. Jnst above the sternoelavie- 
nlar joint the vein lies beneath a skin depression between 
the sternal and elavienlar heads of the sternoeleidomastoid 
mnsele. In the posterior approaeh, the tip of the needle and 
the eatheter are introdneed into the vein abont two finger- 
breadths above the elaviele at the posterior border of the 
sternoeleidomastoid mnsele (CD Fig. 6-4). In the anterior 
approaeh, with the patienfs head tnrned to the opposite 
side, the triangle formed by the sternal and elavienlar heads 
of the sternoeleidomastoid mnsele and the medial end of 
the elaviele are identified. A shallow skin depression nsnally 
overlies the triangle. The needle and eatheter are inserted 
into the vein at the apex of the triangle in a eandal direetion 

(see CD Fig. 6-4). 

Subclavian Vain Thromhosis 

Spontaneons thrombosis of the snbelavian and/or axillary 
veins oeeasionally oeenrs after exeessive and nnaeenstomed 
nse of the arm at the shonlder joint. The elose relationship 
of these veins to the first rib and the elaviele and the possi- 
bility of repeated minor tranma from these strnetnres is 
probably a faetor in its development. 

Seeondary thrombosis of snbelavian and/or axillary 
veins is a eommon eomplieation of an indwelling venons 
eatheter. Rarely, the eondition may follow a radieal mas- 
teetomy with a bloek disseetion of the lymph nodes of the 
axilla. Persistent pain, heaviness, or edema of the npper 
limb, espeeially after exereise, is a eomplieation of this 
eondition. 

Suhclavian VBÌn CalhBtErization 

The snbelavian vein is loeated in the lower anterior eor- 
ner of the posterior triangle of the neek (CD Fig. 6-5), 
where it lies immediately posterior to the medial third of 
the elaviele. 
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CD Figure 6-3 Catheterization of the right external jugular vein. A. Surface marking of 
the vein. B. Site of eatheterization. Note how the external jugular vein joins the subclavian 
vein at a right angle. C. Cross seetion of the neek showing the relationships of the 
external jugular vein as it erosses the posterior triangle of the neek. 


Infraclavicular Approaeh 

Sinee the snbelavian vein lies elose to the nndersnrfaee of 
the medial third of the elaviele (see CD Fig. 6-5), this is a 
relatively safe site for eatheterization. The vein is slightly 
more medially plaeed on the left side than on the right side. 

Anatomy of the Proeedore 

The needle shonld be inserted throngh the skin jnst below 
the lower border of the elaviele at the jnnetion of the medial 
third and onter two thirds, eoineiding with the posterior 


border of the origin of the elavienlar head of the sternoelei- 
domastoid mnsele on the npper border of the elaviele (see 
CD Fig. 6-5). The needle pierees the following strnetnres: 

■ Skin 

■ Snperfieial faseia 

■ Peetoralis major mnsele (elavienlar head) 

■ eiavipeetoral faseia and snbelavins mnsele 

■ Wall of snbelavian vein 

The needle is pointed upward and posteriorly toward 
the middle of the snprasternal noteh. 
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CD Fìgure 6-4 Gatheterization of the right internal jugular vein. A. Posterior approaeh. 
Note the position of the eatheter relative to the sternoeleidonnastoid nnuscle and the eonn- 
mon earotid artery. B. Anterior approaeh. Note that the eatheter is inserted into the vein 
elose to the apex of the triangle formed by the sternal and clavicular heads of the stern- 
oeleidomastoid muscle and the elaviele. 


Anatomy of Problems 

■ Hitting the elaviele: The needle may be 'Valked” along 
the lower snrfaee of the elaviele nntil its posterior edge is 
reaehed. 

■ Hitting the first rib: The needle may hit the first rib if it 
is pointed downward and not upward. 

■ Hitting the snbelavian artery: A pnlsatile resistanee and 
bright red blood flow indieates that the needle has passed 


posterior to the sealenns anterior mnsele and perforated 
the snbelavian artery. 

Anatomy of Complications 

Refer to CD Fig. 6-5. 

■ Pneumothorax: The needle may pieree the eervieal 
dome of the plenra, permitting air to enter the 
plenral eavity. This eomplieation is more eommon in 
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CD Fìgure 6-5 Subclavian vein eatheterization. A. Infraclavicular approaeh. Note the 
many important anatomie structures loeated in this region. B. Supraclavicular approaeh. 
The eatheter enters the subclavian vein elose to its junction with the internal jugular vein 
to form the braehioeephalie vein. 


ehildren^ in whom the plenral refleetion is higher than 
in adnlts. 

■ Hemothorax: The eatheter may pieree the posterior wall 
of the snbelavian vein and the plenra. 

■ Snbelavian artery pnnetnre: The needle pierees the wall 
of the artery dnring its insertion. 

■ Internal thoraeie artery injnry: Hemorrhage may oeenr 
into the snperior mediastinnm. 

■ Diaphragmatie paralysis: This oeenrs when the needle 
damages the phrenie nerve. 

The Procedure in Ghildren 

The needle pierees the skin in the deltopeetoral groove 

abont 2 em from the elaviele. The eatheter is tnnneled 


beneath the skin to enter the snbelavian vein at the point 
where the elaviele and the first rib eross. 

The more obhque approaeh in ehildren minimizes the 
possibility of entering the snbelavian artery. 

Supraclavicular Approaeh 

This approaeh (see CD Fig. 6-5) is preferred by many for the 
following anatomie reasons: 

■ The site of penetration of the vein wall is larger, sinee it 
lies at the jnnetion of the internal jngnlar vein and the 
snbelavian vein, whieh makes the proeednre easier. 

■ The needle is pointed downward and medially toward 
the mediastinnm, away from the plenra, avoiding the 
eomplieation of pneumothorax. 











































98 ehapter 6 


■ The eatheter is inserted along a more direet eonrse into 
the braehioeephalie vein and snperior vena eava. 

Anatomy of the Procedure 

With the patient in the Trendelenbnrg position (patient 
snpine with head tilted downward) or simple snpine posi- 
tion and the head tnrned to the opposite side, the posterior 
border of the elavienlar origin of the sternoeleidomastoid 
mnsele is palpated (see CD Fig. 6-5). The needle is inserted 
throngh the skin at the site where the posterior border of the 
elavienlar origin of sternoeleidomastoid is attaehed to the 
npper border of the elaviele. At this poinh the needle lies 
lateral to the lateral border of sealenns anterior mnsele 
and above the first rib. The needle pierees the following 
strnetnres (see CD Fig. 6-5): 

■ Skin 

■ Snperfieial faseia and platysma 

■ Investing layer of deep eervieal faseia 

■ Wall of the snbelavian vein 


The needle is direeted downward in the direetion of the 
opposite nipple. The needle enters the jnnetion of the in- 
ternal jngnlar vein and the snbelavian vein. It is important 
that the operator nnderstands that the plenra is not being 
penetrated and that it is possible for the needle to lie in a 
zone between the ehest wall and the eervieal dome of the 
parietal plenra bnt ontside the plenral spaee (eavity). 

Anatomy of Complications 

The following eomplieations may oeenr as the resnlt of dam- 
age to neighboring anatomie strnetnres (see CD Fig. 6-5): 

Paralysis of the diaphragm: This is eansed by injnry to the 
phrenie nerve as it deseends posterior to the internal jngn- 
lar vein on the snrfaee of the sealenns anterior mnsele. 
Pneumothorax or hemothorax: This is eansed by 
damage to the plenra and/or internal thoraeie artery by 
the needle passing posteriorly and downward. 

Braehial plexus injury: This is eansed by the needle 
passing posteriorly into the roots or trnnks of the plexus. 





against a window. The glass was shattered and a knife- 
like pieee beeame impaled in her neek. Within seeonds 
the wound spnrted bright red blood and she ran seream- 
ing to her parents. In the emergeney department of the 
loeal hospital it was immediately apparent that a large 
artery in the front of the neek had been piereed by the 
glass. 


Read the following ease histories/questions and give 
the best answer for eaeh. 

A 40-year-old man mentioned to his physieian dnring a 
medieal eheeknp that on fonr oeeasions dnring the past 
5 months he had fainted at work. On eaeh oeeasion the 
fainting attaek oeenrred while he was sitting at his desk. 
He said that the attaek took plaee when he tnrned his 
faee to the left and bent down to open a bottom drawer. 
He also eomplained that he first felt dizzy before he 
fainted. The physieian noted that the patient was rather 
formally dressed with a stiff eollar and a regimental tie. 
When the physieian eommented on his eollar, the pa- 
tient stated that he always wore this type of eollar to 
work. On earefnl examination of the patient no abnor- 
mal physieal signs were fonnd. In faeh the man looked 
very fit. 

1. Using yonr knowledge of anatomy and physiology, 
make the most likely diagnosis. 

A. Atrial fibrillation 

B. Oardiae isehemia 

e. Oarotid sinns syndrome 

D. Anemia 

E. Petit mal (a form of epilepsy) 

Two sisters were playing in their bedroom having a pil- 
low fighh when one of them tripped and fell head first 


2. The examining physieian made the following observa- 

tions and eomments, all of whieh were eorreet except 

whieh? 

A. The entry wound was sitnated along the anterior 
border of the sternoeleidomastoid mnsele at abont 
the level of the npper border of the thyroid earti- 
lage. 

B. The artery involved eonld be either the terminal 
part of the eommon earotid artery or the beginning 
of the external or internal earotid arteries. 

e. The arteries were sitnated beneath the investing 
layer of deep eervieal faseia within the earotid faseial 
sheath. 

D. The internal jngnlar vein, whieh is also loeated 
within the earotid sheath, is not involved beeanse 
the blood was bright red in eolor and spnrted from 
the wound on removing the pressnre ganze pad. 

E. Branehes of the trigeminal nerve lie in the sheath at 
this level and are likely to have been damaged. 
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A 7-year-old boy was playing in his grandparents' garden 
when he snddenly disappeared from view. His grandfa- 
ther rnshed over to see what had happened to his grand- 
son when he heard mnffled erying eoming from a hole 
in the gronnd. On peering into the hole, the ehild's 
head was jnst visible abont five feet from the snrfaee. 
The loeal resene team determined that the ehild had 
fallen down a disnsed well. Fortnnately, the opening of 
the hole was large enongh to allow the emergeney 
physieian to be lowered to the ehild. Having reassnred 
the ehild, it was neeessary to eheek his vital signs. The 
only arteries that eonld be palpated were restrieted to 
the head and neek. 

3. Name sites in the head and neek where the arterial 
pnlse ean be felt. 

A. On the npper snrfaee of the head in the midline 

B. Jnst in front of the anriele of the ear, the lower 
margin of the mandible^ or the anterior border of the 
sternoeleidomastoid mnsele at the level of the npper 
margin of the thyroid eartilage 

e. Behind the ear over the mastoid proeess or at the 
root of the nose 

D. In the midline of the front of the neek in the 
snprasternal noteh or jnst below the mandible 

E. At the apex of the posterior triangle of the neek or 
halfway down the posterior border of the sternoelei- 
domastoid mnsele 

A 5 3-year-old man was admitted to the emergeney room 
nneonseions. Apparently he had attempted to eross the 
road on erntehes when he was hit on the side of the 
head by a ear. On examination he was fonnd to have a 
large swelling over the left side of the head in the tem- 
poral region. The nenrologie findings inelnded a right- 
sided hemiplegia. A lateral radiograph of the sknll 
showed a fraetnre line aeross the region of the lower 
anterior end of the right parietal bone. 

4. Name the artery that was most likely to have been 
damaged in the aeeident. 

A. The left middle eerebral artery 

B. The right posterior eerebral artery 

e. The anterior division of the left middle meningeal 
artery 

D. The posterior division of the left middle meningeal 
artery 

E. The left snperfieial temporal artery 

A42-year-old workman was entting down a tree. Dnring 
the eleannp of the site, he was feeding the ent branehes 
into a large wood ehipping maehine and the sleeve of 
his shirt on his right arm beeame eanght in the ma- 
ehinery. Within seeonds his arm was dragged into the 
entters. The man attempted to tnrn off the maehine bnt 
eonld not reaeh the switeh. His right npper limb was 


ent to pieees and he fell to the gronnd in agony and 
quiekly lost eonseionsness. When the emergeney 
personnel arrived on the seene they fonnd the man to 
be still alive bnt nneonseions and lying in a pool of 
blood. They had to stop the bleeding immediately. 

5. Using yonr knowledge ofanatomy, where would yon ap- 
ply pressnre at the root of the limb to stop the bleeding? 

A. Jnst above the mannbrinm sterni in the midline to 
eompress the right braehioeephalie artery 

B. Above the right sternoelavienlar joint to eompress 
the right snbelavian artery 

e. Behind the medial part of the right elaviele, apply- 
ing pressnre downward and baekward on the right 
snbelavian artery as it lies on the npper snrfaee of the 
first rib 

D. High up in the right armpit to eompress the axillary 
artery 

E. Behind the lateral part of the right elaviele, applying 
pressnre baekward to eompress the right snbelavian 
artery as it beeomes the axillary artery 

A 45-year-old man was rnshed to hospital eomplaining 
of eardiae pain referred to the root of his neek. After a 
thorongh workup, inelnding a eoronary arteriogram, 
whieh showed extensive bloekage of the eoronary arter- 
ies, it was deeided to do an immediate triple bypass op- 
eration. At operation, beeanse of the poor eondition of 
his snperfieial leg veins, an artery rather than a vein was 
seleeted to perform the bypass. 

6. From the list of arteries given below, ehoose an artery 
in the ehest eavity that eonld be nsed to perform a 
eoronary bypass. 

A. Right snperior intereostal artery 

B. Right and left anterior thoraeie arteries 
e. Phrenie arteries 

D. Mnsenlophrenie artery 

E. Snperior epigastrie artery 

A patient with a malignant melanoma in the left tem- 
poral region was told that beeanse of the serionsness of 
the eondition and the likelihood of metastases, an ex- 
tensive operation was required inelnding the removal of 
the deep eervieal lymph nodes in the neek. 

7. Using yonr knowledge of anatomy, explain why it is 
neeessary to remove the internal jngnlar vein in the 
neek as well as the deep eervieal lymph nodes. 

A. The deep eervieal lymph nodes lie deep to the in- 
ternal jngnlar vein, and it is neeessary to remove the 
vein to get at the lymph nodes. 

B. Damage to the internal jngnlar vein would resnlt in 
serions air embolism. 

e. The nnmerons tribntaries of the internal jngnlar 
vein would eomplieate the proeednre 
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D. The deep eervieal lymph nodes are embedded 
in the earotid sheath and the tnniea adventitia of 
the internal jngnlar vein. 

E. Metastases of the melanoma eommonly invade the 
internal jngnlar vein. 

A 57-year-old woman was examined by her physieian 
and fonnd to have right-sided heart failnre. As the pa- 
tient lay propped up on pillows in bed, her physieian no- 
tieed that the blood in a snperfieial vein on the side of 
the neek (in the posterior triangle) eonld be easily seen. 

8. From the list of veins in the neek given below^ seleet the 
most likely one that the physieian eonld see. 

A. Anterior jngnlar vein 

B. Snpraseapnlar vein 

e. Snperfieial eervieal vein 

D. Internal jngnlar vein 

E. External jngnlar vein 

9. The jngnlar veins are eommonly nsed to establish a 
eentral venons line. Why is it sometimes diffienlt to pass 
a eatheter from the external jngnlar vein into the right 
atrinm? 

A. The eatheter tip may eateh in the valves. 

B. The vein tnrns at a right angle before it drains into 
the snbelavian vein. 


e. The eatheter tip may enter the month of the anterior 
division of the retromandibnlar vein. 

D. The vein may be very small in professional singers. 

E. The vein is normally eonstrieted as it passes behind 
the elaviele. 

10. In deep penetrating injnries of the neek involving the 
eommon earotid artery, the statns of the eollateral eir- 
enlation determines the feasibility of ligation versns a 
reeonstrnetive proeednre. Deseribe the eollateral eiren- 
lation of the eommon earotid artery. How may injnry to 
the artery prodnee loss of sight on the same side and 
eontralateral hemiplegia? How may a earotid artery 
injnry prodnee airway obstrnetion? 

11. Why is air embolism a eomplieation of a laeerated wall 
of the internal jngnlar vein? 

12. In snbelavian vein eatheterization nsing the infraelavie- 
nlar approaeh, the following problems may oeenr, even 
when great eare is exereised: (a) The needle may hit the 
elaviele; (b) the needle may hit the first rib; (e) the nee- 
dle may hit the snbelavian artery. How would yon deal 
with these problems? 




1. e is the eorreet answer. The earotid sinns syndrome is 
a eondition in whieh the earotid sinns reflex is hyper- 
sensitive. Pressnre on one or both earotid sinnses ean 
eanse exeessive slowing of the hearp a fall in blood pres- 
snre, and eerebral isehemia with fainting. In this 
patient the pressnre of the stiff eollar on the earotid 
sinnses, eansed by bending over to gain aeeess to the 
bottom desk drawer, was snffieient to eanse the episodes 
of fainting and loss of eonseionsness. 

2. E is the eorreet answer. The trigeminal nerve is not 
related to the earotid arteries in the neek. However, the 
hypoglossal nerve erosses the external earotid artery op- 
posite the level of the tip of the greater eornn of the hyoid 
bone.The glossopharyngeal nerve is related to the inter- 
nal and external earotid arteries high up in the neek (see 
text Fig. 6-4). The vagns nerve lies within the earotid 
sheath and aeeompanies the internal jngnlar vein and 
eommon and internal earotid arteries down the neek. 
The sympathetie trnnk lies behind the eommon and 
internal earotid arteries (see text Fig. 6-4). 

3. B is the eorreet answer. In a diffienlt sitnation, when the 
patienPs head and neek are the only aeeessible parts of 


the body for taking the pnlse, the following arteries are 
easily palpable: The pnlsating faeial artery ean be felt as 
it winds aronnd the lower margin of the mandible in 
line with the anterior border of the masseter mnsele 
(see text Fig. 6-10). The snperfieial temporal artery may 
be palpated in front of the anriele of the ear as it aseends 
over the zygomatie areh (see text Fig. 6-1). The elassi- 
eal site for feeling the pnlse in the neek is along the an- 
terior border of the sternoeleidomastoid mnsele at the 
level of the npper border of the thyroid eartilage (see 
text Fig. 6-3). Here, the eommon earotid artery divides 
into the external earotid and internal earotid arteries, 
and all three are quite snperfieial at this loeation. 

4. e is the eorreet answer. The anterior division of the 
middle meningeal artery is the most eommon artery to 
be damaged after a blow to the lateral side of the head. 
The arterial or venons injnry is espeeially liable to oe- 
enr if the artery and vein enter a bony eanal in the re- 
gion of the anterior inferior angle of the parietal bone 

(see CD Fig. 6-1). 

5. e is the eorreet answer. The arterial snpply to the npper 
limb ean be ent off by applying deep pressnre to the 
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third part of the snbelavian artery, as it lies on the npper 
snrfaee of the first rib. Here, the snbelavian artery lies 
behind the medial part of the elaviele and beeomes 
eontinnons with the axillary artery (see text f 'ig. ò-tU). 

6. B is the eorreet answer. The anterior thoraeie artery, 
whieh is a braneh of the first part of the snbelavian 
artery, ean be nsed in eoronary bypass operations. 

7. D is the eorreet answer. The deep eervieal lymph nodes 
are embedded in the earotid sheath and in the tnniea 
adventitia of the internal jngnlar vein. The aim of the 
operation is to remove all the lymph nodes on the af- 
feeted side of the neek. 

8. E is the eorreet answer. The external jngnlar vein lies 
snperfieially beneath the platysma mnsele and ean be 
easily seen in a good light (in an obese patient it may 
be diffienlt to see). The vein serves as a nsefnl venons 
manometer. It rnns from the angle of the jaw to the 
midpoint of the elaviele (see text Fig. 6-10). The level 
of the blood in the vein normally reaehes abont one 
third of the way np the neek when the patient is lying at 
a horizontal angle of 30°. As the patient sits np, the 
blood level falls nntil the vein is no longer visible 
behind the elaviele. 

9. A is the eorreet answer. The eatheter tip may eateh in 
the valves. The external jngnlar vein has two sets of 
valves: One pair lies at its entranee into the snbelavian 
vein and the other pair lies abnt 4 em snperior to the 
elaviele. The valves are nsnally ineompetent. 

10. The eommon earotid artery has no branehes in the 
neek exeept for its terminal branehes^ the internal and 
external earotid arteries. The internal earotid artery has 
no branehes in the neek, bnt at the base of the brain it 
takes part in the arterial eirele of Wilhs, where it anas- 
tomoses with the branehes of the vertebral arteries and 
the internal earotid artery of the opposite side. The 


external earotid artery, however, gives off nnmerons im- 
portant branehes in the neek that anastomose with the 
fellow branehes from the opposite side. 

Sinee the internal earotid artery gives off the oph- 
thalmie artery and the middle eerebral artery, severe 
damage or bloekage of the eommon earotid artery 
eonld eanse ipsilateral blindness and eontralateral 
hemiplegia. 

The eommon earotid artery is eontained within the 
earotid sheath beneath the investing and pretraeheal 
layers of deep eervieal faseia. Hemorrhage beneath the 
deep faseia eonld spread medially and eompress the 
larynx or the traehea, thns eompromising the airway. 

11. Air embolism is a serions eomplieation of a laeerated 
wall of the internal jngnlar vein. Beeanse the wall of 
this large vein eontains very little smooth mnsele^ its in- 
jnry is not followed by eontraetion and retraetion (as 
oeenrs with arterial injnries). Moreover, the onter eoat 
of the vein is attaehed to the faseia of the earotid sheath, 
whieh hinders the eollapse of the vein. 

12. When performing a snbelavian vein eatheterization 
nsing the infraelavienlar approaeh, the elaviele may 
be hit by the advaneing needle. The needle may then 
be 'Valked” along the lower snrfaee of the elaviele nn- 
til its posterior edge is reaehed and then inserted into 
the snbelavian vein. The needle may hit the first rib. 
This is dne to the faet that the needle is pointing down- 
ward and not npward. The needle may hit the snbela- 
vian artery. This is reeognized by feeling the pnlsatile 
resistanee to the advaneing needle and the presenee of 
bright red blood in the eatheter. It indieates that the 
needle has passed too deeply posterior to the sealenns 
anterior mnsele and perforated the wall of the snbela- 
vian artery (see CD Fig. 6-5). The needle shonld be 
partially withdrawn and the vein approaehed again. 
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ARTERIES DE THE 
HPPER EXTREMITY 

The impartanee of the Collateral 
etreolalion when Ligating 
Arteries of the llpper Extremity 

The arteries of the upper limb may be damaged by pene- 
trating wounds or may require bgation in ampntation op- 
erations. Beeanse of adequate eollateral eirenlation aronnd 
the shonlder, elbow, and wrist joints, bgation of the main 
arteries of the upper bmb is not followed by tissne neerosis 
or gangrene, provided, of eonrse, that the arteries forming 
the eollateral eirenlation are not diseased and that the pa- 
tienhs general eirenlation is satisfaetory. Nevertheless, it 
may take days or weeks for the eollateral vessels to open up 
snffieiently to provide the distal part of the limb with the 
same volnme of blood as previonsly provided by the main 
artery. 

At the time of the injnry^ where there is a eomplete in- 
terrnption of the main arterial snpply, the eollateral flow 



may be snffieient to prevent the signs of isehemia; it is rare, 
however, for the physieian to be able to palpate the distal 
pulse at the initial examination. 

Anatomy of ArtErial InjorÌBS in 
tliB IJppEr ExtrEmily 

Many of the injnries are direetly related to the anatomy of 
the npper limb. The extreme mobility of the limb at the 
shonlder joint permits the forearm and hand to be raised as 
a shield to ward off an attaek. This position of the arm eom- 
monly resnlts in laeeration of the blood vessels. 

Penetratìng Arterial Injnrìes 

Arterial injnries of the npper limb are eommon and may oe- 
enr from gnns, knives, antomobile aeeidents, and iatrogenie 
eanses. Basieally, three types of arterial injnry are possible, 
and the strnetnre of the artery determines the signs and 
symptoms as well as the type of treatment institnted. 

1. In a eompletely severed artery the eirenlar smooth-mns- 
ele fibers of the tnniea media eontraet, immediately 
slowing the bleeding. In addition, the elastie fibers and 
longitudinal smooth-mnsele fibers of the media eontraet, 
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causing the ends of the artery to retraet. The eontraetion 
and retraetion of the arterial ends iisiially slow the blood 
flow to sneh an extent that bleeding eeases sponta- 
neoiisly, and a firm blood elot plngs both ends of the sev- 
ered artery. The loss of distal pnlses is immediate. 

2. In a partially severed artery the vessel is nnable to eon- 
traet and retraet; in faeh any retraetion that does oeeiir 
eanses the arterial wound to gape, resnlting in serious 
bleeding. Hemorrhage into the snrronnding tissues 
may prodnee an enlarging pnlsatile hematoma that 
may slowly expand along faseial planes to reaeh the snr- 
faee and cause a severe hemorrhage. Another possibil- 
ity is that the damaged arterial wall gives way, leaving 
only the tnniea adventitial intaet. In these eirenm- 
stanees, a psendoanenrysm is formed. 

Sinee with partial arterial injnry the arterial wall is still 
intaeh blood flow eontinnes into the distal end, and a 
distal pnlse is usually reeognizable. 

3. In an artery with intimal damage only seeondary to ex- 
ternal blnnt tranma, excessive stretehing, or internal 
damage from a eatheter, there is a rednetion in blood 
flow and an absenee of external hemorrhage. Later, as a 
result of progressive thrombosis or bleeding into the 
wall at the site of injnry, the blood flow beeomes di- 
minished and the distal pnlses disappear. 

Injurìes to the Axìllary Artery 

These are often caused by penetrating wounds in the pee- 
toral region, fraetnres of the snrgieal neek of the hnmerns, 
or excessive stretehing following anterior disloeations of the 
shonlder joint (see text Fig. 7-7). Damage to the branehes of 
the braehial plexus may be an added eomplieation. 

In]urìes to the Braehial Artery 

These may follow supracondylar fraetnres of the lower end of 
the hnmerns (espeeially in ehildren), a site where the artery 
is elose to the shaft of the hnmerns as it lies on the braehialis 
mnsele (see text. Fig. 7-9). Damage to the adjaeent median 
nerve may also oeenr. Severe disloeations of the elbow joint 
may damage the artery in the enbital fossa. Sinee the braehial 
artery is loeated snperfieially in the npper part of the arm, it 
is a eommon site for arterial eatheterization. Frequently the 
tnnieal intima is damaged on the wall opposite the penetra- 
tion site, and arterial thrombosis may follow. 

Allen Test 

This test may be nsed to determine the pateney of the nlnar 
and radial arteries. With the patienfs hands resting in his or 
her lap, the radial arteries are eompressed against the ante- 
rior surface of eaeh radins. The patient then tightly elenehes 
his or her fists, which eloses off the snperfieial and deep pal- 
mar arterial arehes. When he or she opens his or her hands, 


the skin of the palms is at first white, and then normally the 
blood quickly flows into the arehes throngh the ulnar arter- 
ies, causing the palms to promptly tnrn pink. This estab- 
lishes that the nlnar arteries are patent. The pateney of the 
radial arteries ean be established by repeating the test, only 
with the nlnar arteries eompressed where they lie lateral to 
the pisiform bone 

ln]urìes to the Radial Artery 

These are eommon and oeenr in the laeerations of the front of 
the forearm. The elose relation of the artery to the radial nerve 
and the forearm tendons means that these structures are also 
eommonly damaged (see text Figs. 7-12 and 7-13). Gatheter 
injnries are also eommon jnst proximal to the wrist joint. 

Injurìes to the Lllnar Artery 

These are relatively eommon and oeenr in laeerations in the 
front of the wrist and flexor retinaculum. Here the artery is 
snperfieial and easily ent in glass or knife wounds (see text 
Figs. 7-12 and 7-13). The elosely related ulnar nerve is fre- 
quently involved also. 

Intraarterial injeetions by Drug Llsers 

In eases of intraarterial injeetion by drng abusers, the patient 
presents with a swollen and extremely painfnl hand. The 
drng is often injeeted into the radial or nlnar arteries. The 
pharmaeologie agent and its dilnent eanses damage at 
the arteriole level as the resnlt of bloekage by erystal, ehem- 
ieal neerosis of the tunica intima, or vasospasm of the 
smooth mnsele in the tnniea media. Extensive tissne neero- 
sis or gangrene may oeenr in the area of anatomie distribu- 
tion of the artery injeeted. 

Arterial Venous Fistulas 

Arteriovenons fistulas are eommon eomplieations of arterial 
injnries in the npper limbs. This results from the elose rela- 
tionship that exists between the arteries and veins in the 
limbs. The axillary artery has the axillary vein on its medial 
side; the braehial, radial, and nlnar arteries have venae 
eomitantes rnnning alongside. 

Arteriovenons fistnlas occur when the penetrating arte- 
rial injnry also perforates the aeeompanying vein. Bleeding 
from the artery follows the path of least resistanee, and there- 
fore an arteriovenons eommnnieation is established with re- 
snlting venous hypertension, varieosities, and edema distal 
to the eommnnieation site. 

Anatomy of the Proeedore of 
Arterial Ponetore 

The braehial, radial, and nlnar arteries are eommonly nsed 
for arterial pnnetnre. 
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Braehial Artery 

The braehial artery is usually eannulated as it deseends into 
the enbital fossa on the medial border of the bieeps braehii 
mnsele (see text Fig. 7-11). Unfortunately, the braehial 
artery has been assoeiated with a higher ineidenee of post- 
eatheterization thrombosis than the radial artery. This is 
probably beeause of the motility of the braehial artery asso- 
eiated with movements at the elbow joint. 

Radìal Artery 

With the radial artery it is first essential to determine the ad- 
equaey of the eollateral eireulation of the hand by perform- 
ing the Allen test. This preeantion is neeessary in ease 
thromboid oeeurs dnring or after eannnlation. The forearm 
is then snpinated and the wrist joint is extended to an ap- 
proximately 50° angle (CD Fig. 7-1). The radial artery ean 
then easily be palpated as it lies anterior to the distal end of 
the radins. 

Needle Approaeh 

The needle is passed through the arterial wall at an angle of 
abont 25° to the anterior snrfaee of the wrist (see CD Fig. 7- 
1). The eatheter ean then be advaneed into the arterial lu- 
men and the needle withdrawn. 


obese persons the veins eannot always be seen. The surfaee 
anatomy of the snperfieial veins is given on text page 209. 

Anatomy of Basilie and Cephalic 
Vein eatheterization 

The median basilie or basilie veins are the veins of ehoiee 
for eentral venous eatheterization, beeanse from the enbital 
fossa nntil the basilie vein reaehes the axillary vein, the 
basilie vein inereases in diameter and is in direet line with 
the axillary vein (see text Fig. 7-19). The valves in the axil- 
lary vein may be tronblesome, bnt abduetion of the shoulder 
joint may permit the eatheter to move past the obstrnetion. 

The eephalie vein does not inerease in size as it aseends 
the arm, and it frequently divides into small branehes as it 
lies within the deltopeetoral triangle. One or more of these 
branehes may aseend over the elaviele and join the external 
jugular vein. In its usual method of termination, the 
eephalie vein joins the axillary vein at a right angle. It may 
be diffieult to manenver the eatheter aronnd this angle. 

ThrombGsis of Ihe Soperfieial 

Veins 


Cutdown Approaeh 

A transverse ineision is made over the radial artery jnst above 
the proximal transverse skin erease at the wrist. The artery is 
gently mobilized on the anterior surfaee of the radins and 
the eannnla is introdneed. 

Some physieians make a vertieal ineision for the radial 
artery eutdown to lessen the risk of eutting a nerve and also 
to avoid giving the patient a horizontal ent that eould po- 
tentially be misinterpreted (as a suieide attempt) on the an- 
terior surfaee of the forearm. 

SOPERFieiAL 
VEINS DF THE 
OPPER EXTREMITY 

Finding the Snperfieial Veins of 
Ihe IJpper Extremily 

The eephalie, basilie, median enbital, median eephalie, me- 
dian basilie, and median veins of the forearm ean all be nsed 
for venipnnetnre and blood transfnsion. These veins are fairly 
large and relatively eonstant in position. Unfortunately, in 



Prolonged intravenous infnsion and, rarely, baeterial eel- 
Inlitis of the snperfieial faseia ean produee thrombosis of the 
snperfieial veins. In both eases injnry to the tnnieal intima is 
the initiating faetor. 

Anatomy of ArtEriovenoos 
Shnnls and Fistolas in the IJpper 
Limh for Hemodialysis 

Vaseular aeeess for hemodialysis ean be provided by the 
eonstrnetion of an external arteriovenons shnnt or an inter- 
nal arteriovenons fistnla. Most methods ean be performed 
nnder loeal anesthesia. 

External Arteriovenous Shunt 

This is eommonly nsed when a short period of treatment is 
required. The shnnt is eonstrneted if possible in the non- 
dominant limb. The radial artery or the ulnar artery, and the 
eephalie vein or the basilie vein may be nsed. The proee- 
dnre is as follows: 

■ The branehes of the lateral and medial eutaneous nerves 
of the forearm are bloeked with a loeal anesthetie. 

■ A midline ineision is made on the anterior snrfaee of the 
distal part of the forearm. 

■ The eephalie vein or the basilie vein is loeated in the su- 
perfieial faseia as it winds aronnd from the dorsnm of the 














The Blood Vessels of the Upper Extremìty 


107 



palmar digital 

arteries 


superficial palmer 

areh 


deep palmar braneh 



pisiform bone - 


flexor earpi ulnaris 


ulnar nerve ' 


muscles 


braneh of radial artery 
eompleting the superficial 
palmar areh 

abductor pollieis longus 


_radial artery 


flexor earpi radialis 


ulnar artery 



CD Figure 7-1 A. The positions of the radial and ulnar arteries in front of the vvrist. Note 
that the superficial palmar areh is formed mainly from the ulnar artery and the deep pal- 
mar areh reeeives its major contribution from the radial artery. B. The vvrist joint is ex- 
tended during cannulation of the radial artery. 
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hand to aseend the front of the forearm (see text Figs. 7- 

18and 7-19). 

■ The deep faseia is ineised and the artery is loeated. The 
radial artery ean be palpated (see text Fig. 7-13) as it lies 
anterior to the distal third of the radins and between the 
tendons of flexor earpi radialis (medially) and the bra- 
ehioradialis (laterally). The nlnar artery ean be felt jnst 
lateral to the pisiform bone and ean be traeed proximally 
into the forearm (see text Fig. 7-13). 

■ The appropriate artery and vein are then eonneeted to 
the dialyzer. 

In those patients in whom the distal vessels have been 
previonsly nsed, the same vessels ean be eannnlated at a 
more proximal site. 

In ehildren, if the distal arteries and veins are too small, 
a shnnt ean be eonstrneted between the braehial artery and 
eephalie vein jnst proximal to the enbital fossa. 


Internal Arteriovenons Fìstola 

This proeednre is most often nsed when it is neeessary to 
have a prolonged period of hemodialysis. The proeednre is 
as follows: 







The branehes of the lateral and medial entaneons nerves 
of the forearm are bloeked with a loeal anesthetie. 

A midline ineision is made on the anterior snrfaee of the 
distal part of the forearm. 

The eephalie vein is loeated in the snperfieial faseia. 
The deep faseia is ineised and the radial artery is loeated 
in front of the distal end of the radins, as deseribed in the 
previons seetion. 

A side-to-side anastomosis is performed between the 
radial artery and the eephalie vein. Alternatively, an end- 
to-end or end of vein-to-side of artery anastomosis ean 
be eonstrneted. The peripheral eirenlation is maintained 
by the extensive anastomoses from the nlnar artery 
aronnd the wrist and throngh the palmar arehes. 

The vein quiekly beeomes arterialized and distended and 
ean be easily pnnetnred with a eannnla. The eannnla 


from the dialyzer is inserted into the distended vein, and 
the eannnla to the dialyzer is inserted into the fistnla to 
enter the radial artery. 

A similar arrangement ean be made nsing the nlnar 
artery and the basilie vein. 

DEEP VEIN5 DE 
THE DPPER 
ENTREMITY 

Axillary-Subdavian Vein 
Thramhosis 

Spontaneons thrombosis of the axillary and or snbelavian 
veins oeeasionally oeenrs following exeessive and 
nnaeenstomed nse of the arm at the shonlder joint. The 
elose relationship of these veins to the first rib and the 
elaviele and the possibility of repeated minor tranma 
from these strnetnres is probably a faetor in its devel- 
opment. 

Seeondary thrombosis of axillary and/or snbelavian 
veins is a eommon eomplieation of an indwelhng venons 
eatheter. 

Anatomy of Snhdavian Vein 

ealhelBrization 

Venous Tone and Hypovolemìe Shoek 

In extreme hypovolemie shoek^ exeessive venons tone may 
inhibit venons blood flow and thns delay the introdnetion of 
intravenons blood into the vasenlar system. 






Read the follovving ease histories/questions and give 
the best ansvver for eaeh. 

A yonng seeretary, rnnning from her offiee, had a glass 
door swing baek in her faee. To proteet herself, she held 
ont her left hand, whieh smashed throngh the glass. On 
admission to the hospital, she was bleeding profnsely 


from a snperfieial laeeration in front of her left wrist. 
She had sensory loss over the palmar aspeet of the me- 
dial one and a half fingers bnt normal sensation of the 
baek of these fingers over the middle and proximal pha- 
langes. She had diffienlty in grasping a pieee of paper 
between her left index and middle fingers. All her long 
flexor tendons were intaet. 
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1. The following statements eoneerning this patient are 
eorreet except whieh? 

A. The radial artery was ent in front of the flexor 
retinaenlnm, and this aeeonnted for the profnse 
bleeding. 

B. The loss of skin sensation on the palmar aspeet of 
the medial one and a half fingers was eansed by the 
severanee of the nlnar nerve as it erossed in front of 
the flexor retinaenlnm. 

C. The normal sensation on the baek of the medial one 
and a half fingers over the proximal phalanges was 
eansed by the faet that the posterior entaneons 
braneh of the nlnar nerve arises abont 2.5 in. (6.25 

em) proximal to the flexor retinaenlnm and was 
spared. 

D. The inability to hold the pieee of paper was eansed 
by the paralysis of the seeond palmar interosseons 
mnsele, whieh is snpplied by the deep braneh of the 
nlnar nerve. 

E. There was no sensory loss on the palm of the hand 
beeanse the palmar entaneons braneh of the nlnar 
nerve was not ent. 

2. A middle-aged man with a history of ehronie dnodenal 
nleer was seen in the emergeney department in a state 
of severe shoek. He was pale, restless, and sweating, 
and his blood pressnre was 80/60 mm Hg. The resi- 
dent made a diagnosis of internal hemorrhage, proba- 
bly dne to the erosion of the gastrodnodenal artery or 
one of its branehes, and deeided to set up a blood 
transfnsion immediately. Based on yonr knowledge of 
anatomy, into whieh snperfieial vein of the npper limb 
would yon perform the transfnsion: in the elbow 
region or in the forearm? If the veins were too 
eollapsed to be identified, where, in an emergeney, 
eonld yon ent down on a snperfieial vein in the npper 
limb? 

3. Palpation of the radial artery at the wrist ean provide the 
experieneed medieal professional with eonsiderable in- 
sight into the state of the patienPs eirenlatory system. The 
degree of hardness of the arterial wall ean be appreeiated 
by the examining finger; the pnlse rate and quahty of the 
rhythm ean be determined; and the amonnt of pressnre 
required to oeelnde the vessel ean be nsed to assess the 
blood pressnre. What are the relations of the radial artery 
at this site where the pnlse is taken? 

4. An 8-year-old boy fell off a swing and snstained a 
snpraeondylar fraetnre of his left hnmerns. Following 


the rednetion of the fraetnre, a snitable splint was ap- 
plied and the ehild was sent home. A few honrs later, 
the ehild eomplained of pain in the forearm, whieh 
persisted. Fonr honrs later, the parents deeided to re- 
tnrn to the hospital, sinee the ehild's left hand looked 
dnsky white and the pain in the forearm was still pre- 
sent. On examination, there was fonnd to be a eom- 
plete loss of skin sensation of the hand. After removal 
of the splinh the pnlse of the radial and nlnar arteries 
eonld not be felt. Every possible effort was made to re- 
store the eirenlation of the forearm, without avail. 
What has happened to this ehild's eirenlation in the 
forearm? What deformity would yon expeet this ehild 
to have 1 year later? 

5. Why is the radial artery ehosen in preferenee to the ul- 
nar artery or braehial artery for direet blood pressnre 
monitoring? Why are the npper limb arteries nsed in 
preferenee to the dorsalis pedis artery of the foot? What 
are the important anatomie relations of the radial artery 
at the site of eannnlation? Why is it neeessary to extend 
the wrist joint when the eannla is introdneed? 

6. Dnring an emergeney proeednre it is sometimes neees- 
sary to monitor eentral venons pressnre via peripheral 
aeeess. Why is the basilie vein more often nsed to es- 
tablish a eentral venons pressnre line than the eephalie 
vein? 

7. A 29-year-old woman was seen in the emergeney de- 
partment eomplaining of severe pain and diseoloration 
of the fonrth and fifth fingers of both hands. She said 
that she had had similar symptoms before and that they 
always oeenrred in very eold weather. Initially, her fin- 
gers tnrned white on exposure to eold and then beeame 
deep blne in eolor. The eolor ehange was eonfined to 
the distal half of eaeh finger and was aeeompanied by 
an aehing pain. Plaeing her hands in hot water was the 
only treatment that relieved the pain. As the pain disap- 
peared, she said, her fingers beeame red and swollen. 
Using yonr knowledge of anatomy, make the diagnosis. 

8. A 23-year-old medieal stndent deeided to assist his fa- 
ther in bnilding a garden shed. Unfortunately, mneh of 
the wood had to be ent to length by nsing a hand saw. 
He notieed on the third day that his right arm felt heavy 
and that his right hand was swollen. At the emergeney 
departmenp a diagnosis of right snbelavian vein throm- 
bosis was made. Can yon explain the possible anatomie 
reasons why thrombosis oeenrred in this vein in a 
healthy individnal? 
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1. A is the eorreet answer. The radial artery does not enter 
the palm by passing in front of the flexor retinaenlnm; 
it does so by passing forward between the two heads of 
the first dorsal interosseons mnseles between the first 
and seeond metaearpal bones (see text Fig. 7-14). It was 
the nlnar artery that was ent with the nlnar nerve in 
front of the flexor retinaenlnm. 

2. The eephalie, basilie, and median enbital veins, and 
their tribntaries, are loeated in front of the enbital fossa 
and may be nsed for transfnsion (see text Fig. 7-19). In 
the forearm, the eephalie and basilie veins ean be seen 
as they wind aronnd the lateral and medial borders of 
the forearm, respeetively. The eephalie vein lies in a 
eonstant position behind the styloid proeess of the ra- 
dins (see text Fig. 7-18), and it is here that it may be ex- 
posed throngh a small skin ineision. 

3. The radial artery lies in front of the distal third of the 
shaft of the radins; it is direetly in eontaet with the front 
of the bone (see text Fig. 7-11. On its lateral side lies the 
tendon of the braehioradialis, and on its medial side is 
the tendon of the flexor earpi radialis mnsele. The 
artery is eovered anteriorly by skin and faseia. 

4. At the time of snstaining the snpraeondylar fraetnre of 
the hnmerns or the applieation of the splint, the 
braehial artery went into spasm in the distal third of the 
npper arm. This effeetively shnt off the blood flow 
throngh the radial and nlnar arteries, inelnding the eol- 
lateral eirenlation aronnd the elbow joint (see text Fig. 
7-8). Dnring the following honrs, when the ehild was 
eomplaining of severe pain, avasenlar neerosis of the tis- 
snes of the forearm was taking plaee. Later this was fol- 
lowed by Volkmann's eontraetnre. 

5. The radial artery has a lower ineidenee of arterial 
thrombosis than the braehial artery, possibly beeanse 
the tnniea intima of the braehial artery is more likely 
to be damaged by the point of the eatheter, sinee the 
braehial artery is more diffienlt to immobilize beeanse 
of the movements at the elbow joint. The dorsalis 
pedis artery ean be easily eannnlated. It has a higher 
ineidenee of thrombosis, however, and sometimes the 
eirenlation of the foot is eompromised by the inade- 
quate eollateral eirenlation. The radial artery is 
nsnally eannnlated 2 to 3 em proximal to the distal 


transverse erease of the wrist. Here the artery lies ante- 
rior to the distal third of the shaft of the radins, medial 
to the tendon of the braehioradialis and lateral to the 
tendon of flexor earpi radialis. It is eovered anteriorly 
by skin and faseia. The forearm is snpinated, and the 
wrist is extended to an approximately 50° angle (see 
CD Fig. 7-1). Extension stretehes and stabilizes the 
artery dnring the proeess of introdneing the needle 
and the eatheter. 

6. The basilie vein is nsed more often than the eephalie 
vein for the following reasons: (a) The basilie vein in- 
ereases progressively in diameter from the enbital fossa 
to the axillary and snbelavian veins, whereas the diame- 
ter of the eephalie vein inereases only slightly as it as- 
eends the npper extremity; (b) the basilie vein is in line 

with the axillary vein (see text Figs. 7-19, 7-22, and 7-23), 

whereas the eephalie vein opens into the axillary vein at 
a right angle; and (e) the basilie vein is direetly eontinn- 
ons with the end of the axillary vein, whereas the 
eephalie vein may bifnreate into several small veins near 
its termination or may join the external jngnlar vein. 

7. This patient had Raynand's disease. The initial pallor of 
the fingers is dne to spasm of the digital arterioles. The 
eyanosis that follows is dne to loeal eapillary dilatation 
eansed by an aeenmnlation of metabolites. Sinee there 
is no blood flow throngh the eapillaries, blne deoxy- 
genated hemoglobin aeenmnlates within them. It is 
dnring this period of prolonged eyanosis that the patient 
experienees severe aehing pain. On exposing the fin- 
gers to warmth, the vasospasm disappears, and oxy- 
genated blood flows baek into the very dilated eapillar- 
ies. Reaetive hyperemia is responsible for the swelhng 
of the affeeted fingers. 

8. The snbelavian vein is elosely related to the npper snr- 
faee of the first rib and to the posterior snrfaee of the 
medial third of the elaviele (see text Fig. 7-3). Repeated 
minor tranma to the vein wall by these bones dnring the 
movements of the right shonlder while sawing resnlted 
in damage to the tnniea intima, followed by thrombo- 
sis. This problem is partienlarly likely to oeenr in an in- 
dividnal who is not nsed to this type of exeessive move- 
ment of the shonlder. Hsnally there is some preexisting 
eompression. 
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THE ABDDMINAL 
ADRTA 

Traiffliatie Injary lo the AhdDminal 
Anrta 

Because of the deep position of the aorta on the posterior 
abdominal wall behind the peritonenm (see text Figs. 8-1 
and 8-2), blnnt injnries to the aorta are relatively rare. 
In ehildren the elastieity of the aortie wall and the usual 
absenee of atheroselerosis make the eondition even 
more rare. 

In blnnt tranma from an antomobile aeeident, the ab- 
dominal aorta ean be injnred by the erossing band of a seat 
belt. The tnnieal intima is eommonly damaged just distal to 
the origin of the inferior mesenterie artery at the level of the 
third Inmbar vertebra. The diagnosis is diffienlt sinee occlu- 
sion dne to thrombosis may oeenr at the time of the tranma 
or be delayed for several months. In the presenee of eom- 
plete oeelnsion, the femoral pnlses are absent, and motor 
and sensory defieits may be present in the lower limbs due 
to isehemia of the peripheral nerves. 

Deeeleration injnries to the renal vessels may occur as 
the body stops its forward motion. The abdominal aorta, 
like the deseending thoraeie aorta, is tightly attaehed to the 
vertebral eolnmn by eonneetive tissne. The kidney, 



however, is relatively mobile and eontinnes to move for- 
ward after body impaet, being finally restrained by the at- 
taehment of the renal artery to the aorta. Excessive streteh- 
ing of the renal artery may cause intimal damage with elot 
formation. The renal vessels may be avnlsed from the 
hilnm of the kidney, or the renal artery may be torn free 
from the aorta. The hemorrhage may be eontained in the 
retroperitoneal spaee, and hypovolemie shoek may not im- 
mediately occur. 

Penetrating injnries to the abdominal aorta are 
eommon and are usually assoeiated with multiple intraab- 
dominal injnries. The peritonenm has been violated, and 
hemorrhage oeenrs direetly into the peritoneal eavity. The 
signs of a distended abdomen assoeiated with those of hypo- 
volemie shoek make the diagnosis relatively simple. How- 
ever, when the arterial leak is small, peritoneal lavage may 
be neeessary to eonfirm the diagnosis. Penetrating injnries 
throngh the baek or flank (espeeially when direeted from 
the left) may cause a retroperitoneal injnry to the aorta; the 
blood may be eontained within the retroperitoneal spaee 
and delay the onset of hypovolemie shoek. 

Anrtie AnEnrysms 

Loealized or diffnse dilatations of the abdominal part of the 
aorta (anenrysms) nsnally oeenr below the origin of the re- 
nal arteries (CD Fig. 8-1). Most resnlt from atheroselerosis, 
which eanses weakening of the arterial wall, and occur most 
eommonly in elderly men. Large anenrysms shonld be sur- 
gieally excised and replaeed with a prosthetie graft. 
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CD Figure 8-1 Aneurysnns of the abdominal 
aorta. A. Above the origin of the renal arteries. 

B. Belovvthe level of the renal arteries. The latter 
aneurysms, vvhieh are the most eommon, may 
extend inferiorly to involve the eommon iliae 
arteries. 


Gradual Deemsian oi thG 

AhdDminal Aorta 

Gradual occlusion of the aorta may oeenr due to athero- 
selerosis. Intermittent elandieation in both legs may be pre- 
sent dne to insufficient arterial blood reaehing the mnseles 
of the lower limbs. If the progress of the atheroselerosis is 
slow, an adequate eollateral circulation may beeome estab- 

lished (CD Fig. 8-2). 

Emholie BlGekage of the Abdominal 
Aorta 

The bifnreation of the abdominal aorta where the Inmen 
suddenly narrows may be a lodging site for an embolns dis- 
eharged from the heart. Severe isehemia of the lower limbs 
results. 

Mesenterie Artery Deelosion 

Oeelnsion of the superior or inferior mesenterie arteries 
with intestinal isehemia is disenssed in CD Ghapter 19. 
The occlusive proeess eommonly occurs at the origin of 
the artery or in the proximal 1 to 2 em of the artery and 
may be caused by an embolus, a thrombus, or trauma. Oe- 


elnsive disease of the snperior mesenterie artery is mneh 
more eommon than that of the inferior mesenterie artery^ 
which may be explained by the angle of takeoff of the su- 
perior artery from the aorta. In eases of embolns of the su- 
perior mesenterie artery, the embolns nsnally lodges in the 
region of the middle eolie artery so that the jejnnnm may 
be spared. 

THE INFERIDR 
VENA EAVA 

Caval-Caval AnastoinDsis 

A eaval-eaval shnnt is the opening up of an alternative ve- 
nons pathway shonld the snperior or inferior vena eava 
beeome bloeked by disease. The anastomoses of the 
vena eava are as follows (CD Fig. 8-3): The lumbar veins, 
which are tribntaries of the inferior vena eava, anastomose 
behind the diaphragm with the azygos and hemiazygos 
veins, which are tribntaries of the superior vena eava. The 
lumbar veins also anastomose with the snperfieial veins 
of the trnnk, which eventnally drain into the snperior 
vena eava via the lateral thoraeie veins, tributaries of the 
axillary veins. 
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CD Figure 8-2 The possible eollateral eireolations of the abdonninal aorta. Note the great 
dilatation of the mesenterie arteries and their branehes, vvhieh occurs if the aorta is slovvly 
bloeked just belovv the level of the renal arteries (vvhite bar). 


CDmprEssÌDn oi thE IniEriar 

Vena Cava 

The inferior vena eava is eommonly eompressed by the en- 
larged nterns dnring the later stages of pregnaney. This prodnees 
edema of the ankles and feet and temporary varieose veins. 

Malignant retroperitoneal tnmors ean eanse severe 
eompression and eventnal bloekage of the inferior vena 
eava. This resnlts in the dilatation of the extensive anasto- 


moses of the tribntaries (see CD Fig. 8-3). This alternative 
pathway for the blood to retnrn to the right atrinm of the 
heart is eommonly referred to as the eaval-eaval shunt. The 
same pathway eomes into effeet in patients with a snperior 
mediastinal tnmor eompressing the snperior vena eava. 
eiinieally, the enlarged snbentaneons anastomosis between 
the lateral thoraeie vein, a tribntary of the axillary vein, and 
the snperfieial epigastrie vein, a tribntary of the femoral 
vein, may be seen on the thoraeoabdominal wall (see CD 

Fig. 8-3). 
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CD Fìgure 8-3 The possible eollat- 
eral eireolations of the soperior and 
interior venae eavae. Note the alter- 
native pathvvays that exist for blood 
to return to the right atriunn of the 
heart if the superior vena eava be- 
eomes bloeked belovv the entranee 
of the azygos vein (upper blaek bar). 
Similar pathvvays exist if the inferior 
vena eava beeomes bloeked belovv 
the renal veins (lovver blaek bar). 
Note also the eonneetions that exist 
betvveen the portal circulation and 
the systemie veins in the anal eanal. 


Trauma to the Inferiar Vena Cava 

Injuries to the inferior vena eava are eommonly lethal, de- 
spite the faet that the eontained blood is nnder low pressnre. 
The anatomie inaeeessibility of the vessel behind the liver, 
dnodennm, and mesentery of the small intestine and the 
bloeking presenee of the right eostal margin make a snrgieal 
approaeh diffienlt. Moreover, the thin wall of the vena eava 
makes it prone to extensive tears. 

Beeanse of the mnltiple anastomoses of the tribntaries 
of the inferior vena eava (see CD Fig. 8-3), it is possible in 
an emergeney to ligate the vessel. Most patients have venons 
eongestion of the lower limbs. 


THE PDRTAL VE N 


Partal-Systemie Anastamases 

Under normal eonditions, the portal venons blood traverses 
the liver and drains into the inferior vena eava of the sys- 
temie venons eirenlation by way of the hepatie veins. This is 
the direet ronte (see text Fig. 8-19). However, other, smaller 
eommnnieations exist between the portal and systemie sys- 
tems, and they beeome important when the direet ronte be- 
eomes bloeked (CD Fig. 8-4). 
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CD Fìgure 8-4 Important portal-systemie anastomoses. 


These eommunieations are as follows: 

The paranmbilieal veins eonneet the left braneh of the 
portal vein with the snperfieial veins of the anterior 
abdominal wall (systemie tribntaries). The paranmbilieal 
veins travel in the faleiform ligament and aeeompany the 
ligamentnm teres. 

The veins of the aseending eolon, deseending eolon, 
dnodennm, panereas, and liver (portal tribntary) anas- 
tomose with the renal, Inmbar, and phrenie veins 
(systemie tribntaries). 


At the lower third of the esophagns, the esophageal 
branehes of the left gastrie vein (portal tribntary) anasto- 
mose with the esophageal veins draining the middle third 
of the esophagns into the azygos veins (systemie tribntary). 
Halfway down the anal eanal, the snperior reetal veins 
(portal tribntary) draining the npper half of the anal eanal 
anastomose with the middle and inferior reetal veins (sys- 
temie tribntaries), whieh are tribntaries of the internal il- 
iae and internal pndendal veins, respeetively. 
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Portal HypertEnsion 

Portal hypertension is a eommon elinieal eondition; thns^ 
the list of portal-systemie anastomoses shonld be remem- 
bered. Enlargement of the portal-systemie eonneetions is 
frequently aeeompanied by eongestive enlargement of the 
spleen. Portaeaval shnnts for the treatment of portal 
hypertension may involve the anastomosis of the portal vein, 
beeanse it lies within the lesser omentnm, to the anterior 
wall of the inferior vena eava behind the entranee into the 
lesser sae. The splenie vein may be anastomosed to the left 
renal vein after removing the spleen. 

Blood Flow in the Portal Vein 

and Malignant Disease 

The portal vein eonveys abont 70% of the blood to the liver. 
The remaining 30% is oxygenated blood, whieh passes to 


the liver via the hepatie artery. The wide angle of nnion of 
the splenie vein with the snperior mesenterie vein to form 
the portal vein leads to streaming of the blood flow in the 
portal vein. The right lobe of the liver reeeives blood mainly 
from the intestine, whereas the left lobe plns the quadrate 
and eandate lobes reeeive blood from the stomaeh and the 
spleen. This distribntion of blood may explain the distribn- 
tion of seeondary malignant deposits in the liver. 

Penetrating Injnries tn the 
Pnrtal Vein 

Penetrating injnries to the portal vein are life threatening and 
are nsnally assoeiated with mnltiple abdominal injnries. A 
deep penetrating abdominal wound on the transpylorie 
plane, abont two fingerbreadths to the right of the midline, 
eonld easily penetrate the liver and perforate the first part 
of the dnodennm, the portal vein, and the inferior vena eava. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

1. A 59-year-old man was involved in a head-on antomobile 
aeeident. When seen in the emergeney departmenp he 
was in hypovolemie shoek and showed signs of extensive 
brnising on the lower part of the anterior abdominal wall. 
He was wearing a seat belt at the time of the aeeident. On 
examination, his abdomen was distended and tense; he 
had hypotension and taehyeardia. A diagnosis of rnptnred 
abdominal aorta was made dnring an emergeney laparo- 
tomy. In eases of blnnt tranmatie injnry to the abdominal 
aorta, do all patients beeome hypotensive immediately? 
Explain the possible role that the kidneys may play in 
eansing damage to the aorta in deeeleration injnries. 

2. A 74-year-old man was seen in the emergeney depart- 
ment eomplaining of the sndden onset of severe Inmbar 
baek pain. Three years previonsly he had had a myoear- 
dial infaretion. On questioning, the patient admitted 
that he often experieneed mild baek and hip pains on 
getting up in the morning, bnt never had he experieneed 
sneh a severe baek pain. On examination, a somewhat 
tender pnlsatile swelhng eonld be felt in the abdomen at 
the level of the nmbiliens. Both femoral pnlses were pre- 
sent. A diagnosis of abdominal aortie anenrysm was 
made. What is the snrfaee marking of the abdominal 
aorta? Explain why the baek pain had started so snddenly 
and its signifieanee. When an abdominal anenrysm rnp- 
tnres, does an immediate fatal onteome always oeenr? 


Into whieh hollow viseera or blood vessels may an aortie 
anenrysm rarely rnptnre into? 

3. Explain in anatomie terms why penetrating injnries to 
the inferior vena eava are eommonly fatal. Explain how 
it is possible to ligate the inferior vena eava below the 
level of the renal veins without adverse effeets. 

A 63-year-old man with a long history of a dnodenal ul- 
eer was seen in the emergeney department after vomit- 
ing blood-stained flnid and exhibiting all the signs and 
symptoms of severe hypovolemie shoek. 

4. The following statements eoneerning dnodenal nleers 
eonld apply to the patienfs eondition except whieh? 

A. Hemorrhage from a dnodenal nleer often reveals it- 
self by the passage of blaek stools on defeeation. 

B. The pylorie sphineter prevents most of the blood from 
the dnodenal Inmen from passing up into the stomaeh. 

e. The gastrodnodenal artery lies behind the first part of 
the dnodennm and was probably eroded by the nleer. 

D. The gastrodnodenal artery is a small braneh of the 
hepatie artery. 

E. The dnodenal nleer was most likely to be sitnated on 
the posterior wall of the first part of the dnodennm. 

A 58-year-old man was in a restanrant when he snddenly 
started to vomit blood. He was taken nneonseions to the 
emergeney department of a loeal hospital. On examina- 
tion, he had all the signs of severe hypovolemie shoek. 
On palpation of the anterior abdominal wall, the right 
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lobe of the liver was felt three fingerbreadths below the 
eostal margin. Several enlarged snperfieial veins eonld 
be seen aronnd the nmbiliens. His wife said that he had 
vomited blood 3 months previonsly and had nearly died. 
She admitted that he was a ehronie aleoholie. The 
diagnosis was eirrhosis of the liver seeondary to ehronie 
aleoholism. 

5. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. The normal flow of portal blood throngh the liver is 
impaired by eirrhosis of the liver. 

B. The portal-systemie anastomoses beeome enlarged 
in this eondition. 

C. At the lower end of the esophagns, a braneh from the 
right gastrie vein anastomoses with an esophageal 
tribntary of the azygos vein. 

D. Rnptnre of a varieosed esophageal vein eonld pro- 
dnee a severe hemorrhage so that the patient would 
vomit up blood. 

E. With portal hypertension the paranmbilieal veins 
linking the snperfieial veins of the skin (systemie 
veins) to the portal vein beeome eongested and 
visible. 

A 56-year-old man visited his physieian eomplaining 
that he experienees severe pain in both legs when taking 
long walks. He notieed reeently that the eramp-like pain 
oeenrs after walking only a hnndred yards. On ques- 
tioning, he said that the pain quiekly disappears on rest 
only to retnrn after he walks the same distanee. When 
the physieian asked abont his sex life the patient admit- 
ted that he was experieneing diffienlty with ereetion. 

6. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. Arteriography of the abdominal aorta revealed 
bloekage in the region of the bifnreation. 

B. Only the right eommon iliae artery was involved by 
disease. 

C. The gradnal bloekage of the aorta was eansed by 
advaneed arterioselerosis. 

D. An insnffieient amonnt of blood was reaehing both 
legs, eansing pain (elandieation) on walking. 

E. The laek of blood entering both internal iliae 
arteries was responsible for the diffienlty with 
ereetion. 

A 23-year-old woman, who was 8 months pregnant, told 
her obstetrieian that she had reeently notieed that her 
feet and ankles were swollen at the end of the day. She 
said that the swelhng was worse if she had been stand- 
ing for long periods. She also notieed that the veins 
aronnd her ankles were beeoming prominent. 


7. The symptoms and signs displayed by this patient 
ean be explained by the following statements except 
whieh? 

A. The enlarged nterns is an abdominal organ and 
often eompresses the inferior vena eava. 

B. Venons baek pressnre eanses the tissne flnid to ae- 
enmnlate in the snbentaneons tissnes of the feet and 
ankles. 

C. Venons baek pressnre impairs the venons retnrn in 
the snperfieial veins in both the legs, leading to vari- 
eose veins. 

D. High levels of progesterone in the blood dnring preg- 
naney eanse the smooth mnsele in the wall of the 
veins to relax, thns permitting the veins to dilate. 

E. The pregnant nterns presses on the sympathetie 
trnnks, eansing vasodilatation of the blood vessels of 
the legs. 

8. After eomplete oeelnsion of the origin of the inferior 
mesenterie artery with a blood eloh the blood snpply of 
the left portion of the eolon is maintained by the 
following arteries except whieh? 

A. The marginal artery 

B. The middle eolie artery 

C. The left Inmbar arteries 

D. Anastomoses between the snperior, middle, and 
inferior hemorrhoidal arteries 

E. Sigmoid arteries 

9. In patients with an obstrnetion ofthe snperior vena eava, 
blood may retnrn to the right atrinm throngh the 
following anastomotie ehannels except whieh? 

A. The lateral thoraeie, Inmbar, and snperfieial epigas- 
trie veins 

B. The snperior and inferior epigastrie veins 

C. The lateral thoraeie, paranmbilieal, and portal veins 

D. The posterior intereostal and Inmbar veins 

E. The lateral thoraeie veins alone 

10. If the eommon hepatie artery is nnavoidably ligated 
dnring snrgery, the arterial snpply to the liver is main- 
tained by the following anastomotie eonneetions except 
whieh? 

A. The snperior panereatieodnodenal artery anasto- 
mosing with the inferior panereatieodnodenal artery 

B. The right gastrie artery anastomosing with the left 
gastrie artery 

C. The gastrodnodenal artery anastomosing with the 
splenie artery 

D. The esophageal arteries anastomosing with the infe- 
rior phrenie arteries 

E. The right gastroepiploie artery anastomosing with 
the left gastroepiploie artery 
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1. Frequently, patients with blnnt rnptnre to the abdomi- 
nal aorta may not immediately show signs of hypov- 
olemie shoek beeanse the aorta is sitnated behind the 
peritonenm in the retroperitoneal spaee and the blood 
may not eseape immediately into the peritoneal eavity 

(see text Fig. 5-62). 

On impaeh the patient may be held stationary by the 
seat belh bnt the kidneys may eontinne forward nntil re- 
strained by the vasenlar pedieles. Avnlsion of the renal 
artery from the side of the aorta may take plaee nnder 
these eirenmstanees. 

2. The abdominal aorta is a midline strnetnre that enters 
the abdomen at the level of the twelfth thoraeie verte- 
bra, and its entranee may be projeeted onto the anterior 
abdominal wall jnst above the transpylorie plane (see 
text Fig. 8-3). The vessel extends downward to its bifnr- 
eation into the eommon iliae arteries at the level of the 
snmmit of the iliae erests. 

The sndden onset of severe baek pain ean be explained 
by the anenrysm snddenly expanding or rnptnring and 
pressing on the vertebral eolnmn^ whieh lies immedi- 
ately posterior to the aorta. 

Death does not always immediately follow an abdomi- 
nal anenrysm rnptiire. This ean be explained by the faet 
that the hemorrhage may be initially eonfined to the 
retroperitoneal spaee, and a tamponade effeet may tem- 
porarily prevent fnrther bleeding. 

The abdominal aorta is erossed by the third part of the 
dnodennm, and eases have been reported of an 
anenrysm rnptiiring into the diiodenal Inmen. The in- 
ferior vena eava lies along the right side of the aorta, and 
an anenrysm has been known to rnptnre into it, pro- 
dneing a massive arteriovenoiis fistiila. 

3. Penetrating injnries of the npper part of the 
inferior vena eava are eommonly fatal beeanse (a) the 


site of the injnry is inaeeessible behind the liver, duo- 
dennm, and the mesentery of the small intestine; (b) 
the presenee of the right eostal margin makes snrgieal 
aeeess diffienlt; (e) the thin walls of the vena eava are 
likely to tear extensively and make repair diffienlt; and 
(d) the almost eertain possibility that the liver is also 
damaged. 

The extensive anastomosis of the Inmbar veins with 
other retroperitoneal veins ensnres that the blood is 
able to bypass the obstrnetion should the inferior vena 
eava be ligated below the level of the renal veins (see 

CD Fig. 8-3). 

4. D is the eorreet answer. The gastrodnodenal artery is a 
large braneh of the hepatie artery. 

5. C is the eorreet answer. At the lower end of the 
esophagns, a braneh from the left gastrie vein 
anastomoses with an esophageal tribntary of the azygos 
vein. 

6. B is the eorreet answer. The bloekage of the aorta in the 
region of the bifnreation had effeetively bloeked the en- 
tranees into both eommon iliae arteries. 

7. E is the eorreet answer. The sympathetie trnnks are not 
pressed on by the pregnant uterus. 

8. C is the eorreet answer. The left lumbar arteries do not 
signifieantly eontribnte to the left portion of the eolon. 
The middle eolie artery from the snperior mesenterie 
artery, the sigmoid arteries, and the marginal artery, as 
well as the hemorrhoidal arteries^ will maintain the 
blood snpply to the left portion of the eolon. 

9. E is the eorreet answer. The lateral thoraeie and the su- 
perior epigastrie veins are direetly or indireetly eon- 
neeted with the snperior vena eava only. 

10. C is the eorreet answer. The gastroduodenal artery does 
not direetly anastomose with the splenie artery. 
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branehes of the profnnda femoris artery and the artienlar 
and mnsenlar branehes of the femoral and popliteal 
arteries. 


CDllateral CirculatÌDn Feinoral Artery CatheterizatÌDn 


If the arterial snpply to the leg is oeelnded, neerosis or gan- 
grene will follow nnless an adequate bypass to the obstrne- 
tion is present—that is, a eollateral eirenlation. Sndden 
oeelnsion of the femoral artery by ligatnre or embolism^ for 
example, is nsnally followed by gangrene. However, grad- 
ual oeelnsion sneh as oeenrs in atheroselerosis is less likely 
to be followed by neerosis beeanse the eollateral blood ves- 
sels have time to dilate fnlly. The eollateral eirenlation for 
the proximal part of the femoral artery is throngh the ern- 
eiate and troehanterie anastomoses; for the femoral artery 
in the addnetor eanal, it is throngh the perforating 


A long, fine eatheter ean be inserted into the femoral 
artery as it deseends throngh the femoral triangle. The 
eatheter is gnided nnder flnoroseopie view along the ex- 
ternal and eommon iliae arteries into the aorta. The 
eatheter ean then be passed into the inferior mesenterie, 
snperior mesenterie, eeliae, or renal arteries. Gontrast 
medinm ean then be injeeted into the artery nnder exam- 
ination and a permanent reeord obtained by taking a 
radiograph. Pressnre reeords ean also be obtained by gnid- 
ing the eatheter throngh the aortie valve into the left 
ventriele. 
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Anatomy of Technique 

The femoral artery is first loeated just below the inguinal lig- 
ament midway between the symphysis pubis and the ante- 
rior superior iliae spine (CD Fig. 9-1). The needle or 
eatheter is then inserted into the artery. The following strne- 
tnres are piereed: 

■ Skin 

■ Snperfieial faseia 

■ Deep faseia 

■ Anterior layer of the femoral sheath 


Anatomy of Complications 

The femoral vein lies immediately medial to the artery and 
may be entered in error. The nonpnlsatile natnre of the vein 
on palpation shonld exelude this possibility. Sinee the hip 
joint lies posterior to the femoral artery, the erroneons pas- 
sage of the needle throngh the posterior arterial wall may 
eause it to pieree the psoas mnsele and enter the joint eav- 
ity. Some diffienlty may be experieneed in passing the 
eatheter up the femoral artery if the artery is tortuous or if 
there is extensive atheroselerosis of the arterial wall. 


external iliae vessels 


inguinal 

ligament 


pubic tubercle 


symphysis pubis 


long saphenous 

vein 



anterior superior 
iliae spine 


femoral vessels 


CD Fìgure 9-1 Sorfaee markings of the major blood vessels on the anterior sorfaee of 
the left thigh. 
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Traumatic Injury to Arteries oi the 
Lower Limb 

Injury to the large femoral artery ean eanse rapid exsan- 
gnination of the patient. Dnlike in the npper extremity, 
arterial injnries of the lower limb do not have a good prog- 
nosis. The eollateral eirenlations aronnd the hip and knee 
joints, althongh presenk are not as adequate as that aronnd 
the shonlder and elbow. Damage to a neighboring large 
vein ean fnrther eomplieate the sitnation and eanses fnrther 
impairment of the eirenlation to the distal part of the limb. 

Anatomy of LompliealÌDns of 
Arterial fnjory 

A single perforating injnry to an artery in the lower limb may 
also perforate an aeeompanying vein and establish an aente 
arteriovenons fistnla. This eomplieation is eommon in re- 
gions where large vessels rnn elose together, sneh as the 
femoral artery and vein in the femoral triangle and the snb- 
sartorial eanal, and the popliteal artery and vein behind the 
knee. Sneh a shnnt prodnees a eontinnons maehinery-like 
mnrmnr over the fistnla with the later development of vari- 
eosities and edema of the distal part of the limb. 

Anatomieally, a trne anenrysm is one whose wall eon- 
tains all three layers of the arterial wall, namely, the intima, 
media, and adventitia. A false anenrysm, sometimes ealled 
a pnlsating hematoma, is one whose wall eontains only the 
tnniea adventitia. An arterial perforation may lead to a false 
anenrysm that beeomes walled off by the adventitia and snr- 
ronnding tissnes. Pressnre on neighboring nerves may give 
rise to nenrologie symptoms. 

LonipartinEntal SyndroniBs 

Delay in the diagnosis and repair of injnred arteries, espe- 
eially when aeeompanied by vein damage, may lead to 
mnsele neerosis and eompartmental edema. The eompart- 
ment syndromes are disenssed on CD Ghapter 13. 

Deelnsinns of the PnplitBal, AntBr- 
inr, and PostBrior Tihial ArtErÌBS 

Popliteal artery oeelnsion oeenrs jnst below the beginning 
of the artery (jnst below the opening in the addnetor mag- 
nns mnsele). In some eases the oeelnsion extends distally to 
involve the origins of the anterior and posterior tibial arter- 
ies and even the peroneal artery. Symptoms inelnde inter- 
mittent elandieation, night eramps, and rest pain eansed by 
isehemie nenritis. Signs inelnde impaired or absent arterial 
pnlses, lowered skin temperatnre, eolor ehanges, mnsele 
weakness, and trophie ehanges. 


fntEnnittEnt Llandieation and 
ArÌErial DeelnsivE DisBasE nf thB 
LowEr ExtrBinity 

Atheroselerosis of the lower limb arteries is eommon in 
men. Isehemia of the mnseles prodnees a eramp-like pain 
with exereise. Intermittent elandieation is a eondition 
eharaeterized by ealf mnsele eramping pain on exertion that 
is relieved by rest. Thrombosis in a diseased segment of the 
artery may lead to a sndden worsening of the symptoms and 
even eanse noetnrnal isehemie pain. The eommon sites for 
oeelnsion are the femoral, popliteal, and tibioperoneal ar- 
teries. If the obstrnetion oeenrs more proximally in the aorta 
or iliae arteries^ impotenee is eommon. 

FBinorDpDplitEal and FEmnrotihial 

Bypass for LowEr ExtrBmity 
Vasenlar InsnffieÌEney 

Bypasses have been nsed with sneeess in patients with severe 
distal extremity isehemia. In the presenee of gangrene or se- 
vere rest pain, the distal limb has been sneeessfnlly salvaged. 
A reversed ipsilateral antogenons saphenons vein, a eon- 
tralateral saphenons vein, or a eephalie vein graft has been 
nsed to eonneet the proximal femoral artery or popliteal 
artery to the distal popliteal or tibial or peroneal arteries. 

Lnmhar SympalhBetomy and 

DeelnsivB ArtEFÌal DisBasE 

Lnmbar sympatheetomy may be advoeated as a form of 
treatment in oeelnsive arterial disease of the lower extremity 
to inerease the blood flow throngh the eollateral eirenlation. 
Preganglionie sympatheetomy is performed by removing 
the npper three Inmbar ganglia and the intervening parts of 
the sympathetie trnnk. 

AnEurysms of thE LowEr ExlrEmity 

These oeenr mneh less frequently than abdominal aortie 
anenrysms and are nsnally eansed by atheroselerosis. Most 
patients are over 50 years of age, and the eommon sites are 
the femoral and popliteal arteries. The diagnosis is nsnally 
made by finding an expansile swelhng along the eonrse of 
the artery. Patients may present in the emergeney depart- 
ment with eomplieations, whieh inelnde sndden embolie 
obstrnetion to arteries distal to the anenrysm or sndden 
thrombotie oeelnsion of the anenrysm. Pressnre on neigh- 
boring nerves may give rise to symptoms; for example^ an en- 
larging popliteal anenrysm may press on the tibial nerve, 
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causing pain in the foot. Rnptnre of femoral or popliteal 
anenrysms is rare. 


large one. This possibility is of great elinieal importanee 
when performing a venoiis cutdown 



Great Saphenoas Vein Variatinn 
and Vennns Vein Cutdnwn 

Oeeasionally the great saphenons vein at the medial malle- 
olns is replaeed by several small veins instead of a single 


Greai Saphennns Vein CntdDwn 

Exposure of the great saphenons vein throngh a skin inei- 
sion (a ''cutdown”) is nsnally performed at the ankle (CD 
Fig. 9-2). This site has the disadvantage that phlebitis (in- 
flammation of the vein wall) is a potential eomplieation. 
The great saphenons vein also ean be entered at the groin 
in the femoral triangle^ where phlebitis is relatively rare; 
the larger diameter of the vein at this site permits the nse 
of large-diameter eatheters and the rapid infnsion of large 
volumes of flnids. 
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CD Fìgure 9-2 Great saphenoos vein cutdown. A and B. At the ankle. The great saphe- 
nous vein is eonstantly found in front of the medial malleolus of the tibia. C and D. At the 
groin. The great saphenous vein drains into the femoral vein two fingerbreadths below 
and lateral to the pubic tubercle. 
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Anatomy of Ankle Vein Cutdown 

The procedure is as follows: 

1. The sensory nerve siipply to the skin immediately in 
front of the medial malleoliis of the tibia is from 
branehes of the saphenons nerve, a braneh of the 
femoral nerve. The saphenoiis nerve branehes are 
bloeked with loeal anesthetie. 

2. A transverse ineision is made throiigh the skin and sub- 
cutaneous tissue aeross the long axis of the vein jnst an- 
terior and superior to the medial malleolus (see CD 
Fig. 9-2). Although the vein may not be visible through 
the skin, it is eonstantly found at this site. 

3. The vein is easily identified, and the saphenons nerve 
shonld be reeognized; the nerve usually lies just ante- 
rior to the vein (see CD Fig. 9-2). 

Anatomy of Groin Vein Cutdown 

1. The area of thigh skin below and lateral to the scrotum 
or labinm majns is snpplied by branehes of the ilioin- 
gninal nerve and the intermediate cutaneous nerve of 
the thigh. The branehes of these nerves are bloeked 
with loeal anesthetie. 

2. A transverse ineision is made through the skin and sub- 
cutaneous tissue eentered on a point about 1.5 in. (4 
em) below and lateral to the pubic tubercle (see CD 
Fig. 9-2). If the femoral pulse ean be felt (may be absent 
in patients with severe shoek), the ineision is earried 
medially just medial to the pulse. 

3. The great saphenons vein lies in the subcutaneous fat 
and passes posteriorly throngh the saphenous opening in 
the deep faseia to join the femoral vein about 1.5 in. (4 
em), or two fingerbreadths, below and lateral to the pu- 
bie tubercle. It is important to nnderstand that the great 
saphenous vein passes through the saphenous opening 
to gain entranee to the femoral vein. However, the size 
and shape of the opening are subject to variation. 

The Greal SaphenDus Vein in 
GDrnnary Bypass Snrgery 

In patients with occlusive eoronary disease eansed by ather- 
oselerosis, the diseased arterial segment ean be bypassed by 
inserting a graft eonsisting of a portion of the great saphe- 
nons vein. The venons segment is reversed so that its valves 
do not obstrnet the arterial flow. Following removal of the 
great saphenous vein at the donor site, the snperfieial 
venons blood aseends the lower limb by passing through 
perforating veins and entering the deep veins. 

The great saphenons vein ean also be nsed to bypass 
obstrnetions of the braehial or femoral arteries. 


Intranssenns Ininsian in the Infant 

This technique may be nsed for the infnsion of fluids and 
blood when it has been found impossible to obtain an intra- 
venous line. The proeednre is easy and rapid to perform as 
follows: 

■ With the distal leg adequately supported, the anterior 
subcutaneous surface of the tibia is palpated. 

■ The skin is anesthetized abont 1 in. (2.5 em) distal to the 
tibial tnberosity, thns bloeking the infrapatellar braneh of 
the saphenons nerve. 

■ The bone marrow needle is direeted at right angles 
through the skin, superficial faseia, deep faseia, and tib- 
ial periosteum and the cortex of the tibia. Onee the 
needle tip reaehes the medulla and bone marrow, the 
operator senses a feeling of ''give.” The position of the 
needle in the marrow ean be eonfirmed by aspiration. 
The needle shonld be direeted slightly caudad to avoid 
injnry to the epiphyseal plate of the proximal end of the 
tibia. The transfnsion may then eommenee. 

Varieose Veins 

A varieosed vein is one that has a larger diameter than nor- 
mal and is elongated and tortuous. Varieosity of the 
esophageal and reetal veins is deseribed elsewhere. This 
eondition eommonly occurs in the superficial veins of the 
lower limb and, althongh not life threatening, is responsible 
for eonsiderable diseomfort and pain. 

Varieose veins have many causes, including hereditary 
weakness of the vein walls and ineompetent valves; elevated 
intraabdominal pressure as a result of mnltiple pregnaneies 
or abdominal tumors; and thrombophlebitis of the deep 
veins^ which results in the superficial veins beeoming the 
main venons pathway for the lower limb. It is easy to under- 
stand how this eondition ean be prodneed by ineompetenee 
of a valve in a perforating vein. Every time the patient exer- 
eises, high-pressure venous blood eseapes from the deep 
veins into the superficial veins and produces a varieosity, 
which might be loealized to begin with but beeomes more 
extensive later. 

The successful operative treatment of varieose veins de- 
pends on the ligation and division of all the main tributaries 
of the great or small saphenous veins, to prevent a eollateral 
venous circulation from developing, and the ligation and di- 
vision of all the perforating veins responsible for the leakage 
of high-pressure blood from the deep to the superficial 
veins. It is now eommon praetiee to also remove or strip the 
superficial veins. Needless to say, it is imperative to aseertain 
that the deep veins are patent before operative measures are 
taken. 

Varieose Leg Llleers 

These occur in the region of the medial malleolns, are 
caused by venous skin stasis, and may be a eomplieation of 
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varieose veins; many are eansed by postthrombotie ineom- 
petent perforating veins in the region. 

A venons nleer mnst be distingnished from an arterial 
ulcer eansed by atheroselerosis of the skin arteries. An arterial 
nleer tends to oeenr on the lateral side of the distal leg, and 
the leg is often pnlseless and eool. A venons nleer oeenrs on 
the medial side of the distal leg beeanse skin venons stasis 
tends to be more severe on the medial side in the presenee of 
varieose veins. The explanation for the laterally plaeed arter- 
ial nleer is that the skin over the lateral malleolns reeeives a 
poorer arterial snpply than that over the medial malleolns. 

Traumatic Bleeding from a 
Varieosed Vein 

Profnse bleeding from a piereed varieosed vein may eanse a 
patient to seek medieal treatment. Pressnre over the vein, 
proximal to the injnry, shonld stop the blood eseaping. The 
varieosed veins have ineompetent valves and venons blood 
is merely draining downward by gravity from the abdominal 
veins. Raising the leg to a level above the heart shonld also 
stop the bleeding. 

Superficial ThromhGphlebitis 

Thrombosis of the snperfieial veins of the lower limb is often 
assoeiated with varieose veins. The eondition is painfnl, and 
the thrombosed vein is tender to toneh; the overlying skin is 
reddened and edematons. The thrombns is nsnally strongly 
adherent to the wall of the vein so that emboli are rarely 
formed. However, shonld the thrombosis extend to the deep 
veins throngh a perforating vein^ embolie formation in the 
deep vein ean be a serions, althongh rare, eomplieation. 

Degp ThrombDphlEbitis 

Thrombosis of the deep veins ean oeenr at any time, bnt sig- 
nifieant predisposition is immobility of the lower limbs in 
bed or in a splint. The eommon site where the proeess starts 
is the veins draining the solens mnsele in the ealf. It mnst be 
assnmed that the pressnre of the bed on the ealf veins dam- 
ages the tnniea intima, and this together with eertain predis- 
posing faetors, sneh as snrgieal tranma, malignant disease, 
pregnaney, or estrogen therapy, initiates thrombns forma- 
tion. Onee formed^ the thrombns may extend proximally 
into the popliteal and femoral veins and even higher into the 
iliae veins. The symptoms inelnde diseomfort and tightness 
in the ealf, espeeially when the patient is nsing the ealf mns- 
eles, as in standing and walking. Tenderness of the ealf mns- 
eles may be apparent, and edema of the ankles, pretibial area, 
or thigh may be present. The snperfieial veins may be dilated 
and more obvions than normal. The great danger of deep 
vein thrombosis is the high ineidenee of pnlmonary em- 
bolism. A seeondary problem is residnal ehronie venons in- 
snffieieney of the lower extremities. 


Deep VEÌn ThroinhDsis aod 
Long-DislancE Air TravEl 

Passengers who sit immobile for honrs on long-distanee 
flights are very prone to deep vein thrombosis in the legs. 
Preventative measnres inelnde stretehing of the legs every 
honr to improve the venons eirenlation. 

rEmoral Vain CathEtErizatÌDn 

Femoral vein eatheterization is nsed when rapid aeeess to a 
large vein is needed. The femoral vein has a eonstant rela- 
tionship to the medial side of the femoral artery jnst below 
the ingninal ligament and is easily eannnlated. However, 
beeanse of the high ineidenee of thrombosis with the possi- 
bility of fatal pnlmonary embolism, the eatheter shonld be 
removed onee the patient is stabilized. 

Anatomy of the Procedure 

1. The skin of the thigh below the ingninal ligament is 
snpplied by the genitofemoral nerve; this nerve is 
bloeked with a loeal anesthetie. 

2. The femoral pnlse is palpated midway between the an- 
terior snperior iliae spine and the symphysis pnbis, and 
the femoral vein lies immediately medial to it. 

3. At a site abont two fingerbreadths below the ingninal 
ligamenp the needle is inserted into the femoral vein. 

DopplEF Dltrasoond E^amination 

of VEOons riow in tliE LDWEr 

ExtrEmity 

Posterior tibial veins: The probe is applied to the skin 
jnst posterior to the medial malleolns of the tibia. Here 
the posterior tibial veins aeeompany the posterior tibial 
artery between the tendon of the flexor digitornm longns 
and the posterior tibial nerve (CD Fig. 9-3). 

Popliteal vein: The probe is applied to the skin over the 
popliteal spaee with the knee partly flexed to relax the 
deep faseia. The flow signal is best heard over the vein 
jnst lateral to the popliteal artery (see CD Fig. 9-3). 
Femoral vein: The probe is plaeed over the vein at 
midthigh as it lies in the snbsartorial eanal with the 
femoral artery (see CD Fig. 9-3). The probe ean also be 
applied higher up on the skin eovering the femoral trian- 
gle jnst below the ingninal ligament. Here the femoral 
vein lies medial to the femoral artery (see CD Fig. 9-3). 
The pnlse of the femoral artery ean easily be felt at the 
midpoint between the anterior snperior iliae spine and 
the symphysis pnbis. 
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CD Fìgure 9-3 Doppler ultrasound of venous blood flow in the lower limb. A. Posterior 
tibial veins at the ankle. B. Popliteal vein behind the knee. C. Femoral vein and the subsar- 
torial (adductor) eanal in the midthigh. D. Femoral vein just belowthe inguinal ligament. 


VEnoas Tone in HypovolEmie 

Shoek 

In extreme hypovolemie shoek^ exeessive venons tone 
eansed by the eontraetion of the smooth mnsele in the vein 
walls may inhibit the venons flow and thns delay the intro- 
dnetion of intravenons blood into the vasenlar system. 

Arterial Palpation 

Every health professional shonld know the preeise position 
of the main arteries within the lower limb^ for he or she 


may be ealled on to arrest a severe hemorrhage or palpate 
different parts of the arterial tree in patients with arterial 
oeelnsion. 

The femoral artery enters the thigh behind the in- 
gninal ligament at a point midway between the anterosnpe- 
rior iliae spine and the symphysis pnbis (see text Fig. 9-2 and 
CD Fig. 9-1). The artery is easily palpated here beeanse it 
ean be pressed baekward against the peetinens and the su- 
perior ramns of the pnbis. 

The popliteal artery ean be felt by gentle palpation in 
the depths of the popliteal spaee provided that the deep fas- 
eia is fnlly relaxed by passively flexing the knee joint (see text 

Fig. 9-7). 
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The dorsalis pedis artery lies between the tendons of 
extensor hallneis longns and extensor digitornm longns, 
midway between the medial and lateral malleoli on the 
front of the ankle (see text Fig. 9-9). 

The posterior tibial artery passes behind the medial 
malleolns and beneath the flexor retinaenlnm; it lies between 
the tendons of flexor digitornm longns and flexor hallneis 


longns. The pnlsations of the artery ean be felt midway be- 
tween the medial malleolns and the heel (see text Fig. 9-14). 

It shonld be remembered that the dorsalis pedis artery 
is sometimes absent and is replaeed by a large perforating 
braneh of the peroneal artery. In the same manner, the per- 
oneal artery may be larger than normal and replaee the pos- 
terior tibial artery in the lower part of the leg. 



Read the following ease histories/questions and give 
the best answer for eaeh. 

A 47-year-old woman eomplaining of a dnll, aehing 
pain in the lower part of both legs visited her physieian. 
She stated that the pain was partienlarly severe at the 
end of a long day of standing at her work. On examina- 
tion, the patient was fonnd to have widespread varieose 
veins in both legs. 

1. The following symptoms and signs snpported the diag- 
nosis except whieh? 

A. The patient stated that the skin down the medial 
side of the leg was irritated espeeially in dry weather. 

B. If the patient eonghed in the standing position, a 
flnid thrill was transmitted from the abdomen to the 
hand palpating the veins. 

e. The skin showed marked diseoloration over the me- 
dial malleoli and was dry and sealy. 

D. The patient had a large family of six ehildren and 
the varieose veins showed improvement dnring 
eaeh pregnaney. 

E. The great and small saphenons veins in both legs 
were enlarged and elongated. 

A 65-year-old man told his physieian that he eonld walk 
only abont 50 yd (46 m) before a eramp-like pain in his 
left leg foreed him to rest. After a thorongh physieal 
examination, a diagnosis of severe intermittent elandi- 
eation of the left leg was made. 

2. The following findings in this patient snpported the 
diagnosis except whieh? 

A. His femoral pnlses were normal in both legs. 

B. The popliteal, posterior tibial, and dorsalis pedis 
pnlses were present in the right leg and eompletely 
absent in the left leg. 

e. Arteriography revealed a bloekage of the left femoral 
artery at the level of the addnetor tnberele. 

D. The lower part of the left leg was reeeiving its blood 
snpply throngh the mnsenlar and genienlar 


branehes of the femoral artery and the mnsenlar and 
genienlar branehes of the popliteal artery. 

E. The eollateral eirenlation in the left leg was ade- 
quate to prevent gangrene bnt was insnffieient to 
snpply oxygen to the aetive leg mnseles. 

F. The perforating branehes of the profnnda femoris 
artery did not partieipate in the eollateral eirenlation 
aronnd the bloeked femoral artery. 

A 58-year-old bnsinessman flew to Korea from New 
York by plane. Exeept for infrequent visits to the toileh 
he remained in his seat sleeping or reading. Toward 
the end of the long flighh he experieneed mild eramp- 
like pain in his right ealf. On feeling his leg^ he fonnd 
it to be tender bnt thonght nothing more abont it. On 
reaehing his destination, he was walking down the 
ramp from the plane when he snddenly eollapsed with 
severe pain in his left ehest and was experieneing ex- 
treme respiratory distress. The airport physieian made 
the diagnosis of pnlmonary embolism, seeondary to 
deep vein thrombosis of the right ealf. 

3. The blood elot (embolns) reaehed the left Inng via the 
following blood vessels except whieh? 

A. The right popliteal vein 

B. The right eommon iliae vein 
e. The inferior vena eava 

D. The pnlmonary trnnk 

E. The left pnlmonary vein 

4. A 65-year-old man was seen in the emergeney depart- 
ment eomplaining of the onset of a sndden pain in his 
right foot. He said that for the past 6 months he had 
experieneed some aehing pain in the lower part of the 
right leg, bnt the foot pain had oeenrred quite snd- 
denly and was different. On examination, a tender 
pnlsatile swelhng eonld be palpated in the right 
popliteal spaee. In anatomie terms explain the ehronie 
aehing pain in the right lower leg. What is yonr ex- 
planation for the sndden onset of pain in the right 
foot? 
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5. Explain the signifieanee of the valved perforating veins 
of the lower limbs. What is the snrfaee marking of the 
small saphenons vein at the ankle? 

6. What is the snrfaee marking ofthe femoral artery? Name 
the strnetnres that are piereed by the insertion of a 
eatheter into the femoral artery. What is the relationship 
of the femoral artery to the femoral vein and the hip 
joint? 


7. Gompare in anatomie and praetieal terms the advan- 
tages and disadvantages of entting down on the great 
saphenons vein at the groin and ankle. What is the snr- 
faee marking of the great saphenons vein in the groin 
and at the ankle? What is the relationship of the saphe- 
nons nerve to the great saphenons vein at the ankle? 

8. What are the eommon eomplieations of femoral vein 
eatheterization? What is the snrfaee marking of the 
femoral vein? 





1. D is the eorreet answer. Dnring the later months of 
pregnaney, the enlarged nterns presses on the inferior 
vena eava and impedes the venons retnrn from the 
lower limbs. This eondition resnlts in a worsening of 
preexisting varieosed veins. 

2. F is the eorreet answer. The profnnda femoris artery 
arises from the femoral artery abont 1.5 in. (3.8 em) be- 
low the ingninal ligament. It plays a major role in the for- 
mation of the eollateral eirenlation aronnd the knee joint. 

3. E is the eorreet answer. The embolns does not enter the 
left pnlmonary vein. The embolns aseends the venons 
system via the popliteal, femoral, external iliae, and 
eommon iliae veins and inferior vena eava to reaeh the 
right atrinm of the heart. It then passes into the right 
ventriele, pnlmonary trnnk, and left pnlmonary artery 
to finally reaeh the small or medinm-sized branehes of 
the left pnlmonary artery, where it beeomes lodged and 
obstrnets the eirenlation. 


4. The ehronie aehing pain in the right lower leg eonld be 
explained by the pressnre of the expanding popliteal 
anenrysm on the tibial nerve (see text Eig. 9-7) in the 
popliteal spaee. The sndden onset of severe pain in the 
foot eonld be explained by the lodging of an embolns 
in one of the arteries in the foot. The embolns eonld 
have originated as a thrombns in the wall of the 
popliteal anenrysm. 



Normally, the valved perforating veins drain the snper- 
fieial veins throngh the deep faseia into the deep veins. 
Ineompetenee of these important veins permits reflux 
of deep venons blood into the snperfieial veins and 
eommonly resnlts in the formation of loeal snperfieial 
variees. 


The small saphenons vein drains the lateral end of the 
dorsal venons areh of the foot and aseends in the su- 
perfieial faseia posterior to the lateral malleolns of the 


fibnla. Here the position is eonstant and it ean be 
readily seen. 

6. The femoral artery enters the thigh beneath the in- 
gninal ligament at a point midway between the anterior 
snperior iliae spine and the symphysis pnbis (see CD 

Eig. 9-1). 

The following strnetnres are piereed by a eatheter en- 
tering the femoral artery in the thigh jnst below the in- 
gninal ligament: (a) skin, (b) snperfieial faseia, (e) deep 
faseia, and (d) anterior layer of femoral sheath. 

The femoral vein lies along the medial side of the 
femoral artery within the femoral sheath. The eavity of 
the hip joint lies posterior to the femoral artery, sepa- 
rated by the psoas mnsele and the fibrons joint eapsnle. 

7. The advantages of great saphenons vein eutdown at the 
ankle are (a) the position of the vein in front of the me- 
dial malleolns is eonstant, and (b) apart from the pres- 
enee of the saphenons nerve, there are no other 
anatomie strnetnres to damage —the eutdown is made 
over bone. The disadvantages are (a) phlebitis is a eom- 
mon eomplieation, and (b) the small diameter pre- 
elndes the rapid instillation of large volnmes of flnid; in 
yonng ehildren the small diameter of the vein some- 
times make it diffienlt to identify. 

The advantages of great saphenons eutdown in the 
groin are (a) the larger diameter of the vein at this site 
permits the rapid instillation of large volnmes of flnid, 
and (b) there is easier reeognition of the vein at this site. 
The disadvantages of the groin site are (a) the great 
saphenons vein lies in thiek snbentaneons fat abont 1 
1/2 in. below and lateral to the pnbie tnberele; its iden- 
tifieation may prove diffienlt in obese patients; and (b) 
other important strnetnres may be damaged, inelnding 
the femoral artery and vein, if the proeednre is earried 
ont by an inexperieneed individnal. 
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The saphenous nerve nsnally lies jnst anterior to the 
great saphenons vein as it aseends anterior to the medial 

malleolns of the tibia (see CD Fig. 9-2). 

8. The eommon eomplieations of femoral vein eatheter- 
ization are (a) thrombophlebitis of the femoral vein, 
espeeially if the eatheterization is prolonged (sinee the 
eatheter entering the saphenons vein at the groin also 
goes into the femoral vein^ there is risk of phlebitis 
with saphenons eatheterization as well); (b) hematoma 
formation if the proeednre is poorly earried ont and 
the vein wall is torn; (e) infeetion of the hip joint if an 
infeeted eatheter pierees the femoral vein eompletely 


or misses the vein and traverses the psoas mnsele and 
the anterior part of the eapsnle of the hip joint; and 
(d) damage to the femoral nerve, whieh normally lies 
some distanee laterally to the femoral artery (midpoint 
between the anterior snperior iliae spine and the pu- 
bie tnberele). 

The snrfaee marking of the femoral vein is jnst medial 
to the pnlsating femoral artery below the ingninal liga- 
ment. If the artery is pnlseless, the position of the artery 
may be determined as being midway between the ante- 
rior snperior iliae spine and the symphysis pnbis; the 
vein lies jnst medial to it (see text Fig. 9-1). 
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THE LYMPH 
VES5EL5 AND 
LYMPH TISSDE 

Edema and Lymphatie Dbslrnetion 

An inability to absorb protein from the tissne flnid into the 

lymphatie eapillary will resnlt in an aeenmnlation of protein 

in the tissne flnid ontside the eapillary and eanse edema. 

This oeenrs in several eonditions: 

■ Gongenital lymphatie obstrnetion (Milroy's disease): 

In this eondition the lymphatie vessels, espeeially those 
of the lower limbs, fail to develop. 

■ Snrgieal removal of lymph nodes and lymph vessels: 
This oeenrs when an attempt is made to eompletely re- 
move eaneer eells that may have spread from their pri- 
mary loens. This form of edema eommonly oeenrs in the 
npper limbs following a radieal masteetomy for earei- 
noma of the breast. 

■ Filariasis: In this mosquito-spread disease, eommon in 
the tropies, the worm larvae enter the lymphatie vessels 
and progressively bloek the lymph nodes. After a nnmber 
of years, the lymphatie drainage of the leg may beeome 
totally obstrneted and the grossly edematons lower limb 



may resemble that of an elephant, henee the name 

elephantiasis. 

■ Malignant metastases in lymph nodes and lymphatie 
vessels: This eondition may eanse edema of the skin of 
the breast or arm in advaneed eareinoma of the breast. 

Lymphangitis and Lymphadanitis 

Lymphangitis is an infeetion of the lymphatie vessels and is 
a eommon oeenrrenee. Red streaks along the eonrse of the 
lymphatie vessels are eharaeteristie of the eondition. For 
example, a severe infeetion of the thnmb may be followed 
by the spread of the baeteria into the lymphatie vessels drain- 
ing the area. Red streaks may be seen on the anterior aspeet 
of the forearm, following the eonrse of the eephalie vein. 

Onee the infeetion reaehes the lymph nodes, the nodes 
beeome enlarged and tender, a eondition known as 
lymphadenitis. 

Lymph F1dw in dinieal Medieine 

The faetors responsible for normal lymph flow in lymphatie 
vessels inelnde mnsele aetivity, loeal arterial pnlsation, 
valves in lymphatie vessels, tissne flnid pressnre, and gravity. 
There are elinieal sitnations in whieh it is important to di- 
minish the speed of lymph flow. For example, a patient who 
has a severe baeterial infeetion of the hand may have the 
arm immobilized in a sling as an important part of the treat- 
ment. This proeednre rednees the mnsenlar aetivity of the 
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limb and, consequently, the lymph flow, lessening the pos- 
sibility of baeterial spread via the lymphatie vessels and di- 
minishing the rate of entry of toxins into the blood stream 
via the lymph. In some eonditions, it may be neeessary to 
have the patient rest in bed to rednee lymph flow. 

Other elinieal eonditions may require an inerease in 
the flow of lymph in lymphatie vessels. In postnral edema, 
an individnal who has been standing in one position for 
honrs may experience swelling of the ankles and feet. In- 
ereasing lymph flow also may be important in someone who 
has had a limb immobilized for a long period in a splint. 
Mnsenlar exercises, raising the limb to nse the foree of grav- 
ity, or massage applied to the area will aid the flow of lymph 
along the valved lymphatie vessels. 

Lymph Vessels and the Spread nf 
Malignanl Disease 

Lymphatie vessels provide a pathway for the spread of eer- 
tain types of malignant tnmors from their site of origin. 
When the eaneer eells reaeh a lymph node, they may be 
temporarily stopped by the network of retienlar fibers. 
However, the eaneer eells may eontinne to mnltiply in 
sitn, leading to the formation of a seeondary growth or 
metastasis. 

Enlargement nf the Snhmandihn- 
iar Lymph Nndes and Swelling nf 
the Snhmandibnlar Salivary Gland 

The snbmandibnlar lymph nodes are eommonly enlarged as 
a resnlt of a pathologie eondition of the sealp, faee, maxillary 
sinns, or month eavity. One of the most eommon eanses of 
painfnl enlargement of these nodes is aente infeetion of the 
teeth. Enlargement of these nodes shonld not be eonfnsed 
with pathologie swelling of the snbmandibnlar salivary gland. 

eiinieal Signifieanee of the 
Eervieal Lymph Nodes 

Knowledge of the lymph drainage of an organ or region is of 
great elinieal importanee. Examination of a patient may re- 
veal an enlarged lymph node. It is the physieian's responsi- 
bility to determine the eanse and be knowledgeable abont 
the area of the body that drains its lymph into a partienlar 
node. Eor example, an enlarged snbmandibnlar node ean 
be eansed by a pathologie eondition in the sealp, the faee, 
the maxillary sinns, or the tongne. An infeeted tooth of the 
npper or lower jaw may be responsible. Often a physieian 
has to seareh systematieally the varions areas known to drain 
into a node to diseover the eanse. 


ExaminatÌQn nf the Deep Eervieal 

Lymph Nndes 

Lymph nodes in the neek shonld be examined from behind 
the patient. The examination is made easier by asking the 
patient to flex the neek slightly to rednee the tension of the 
mnseles. The gronps of nodes shonld be examined in a 
definite order to avoid omitting any. 

After the identifieation of enlarged lymph nodes, possi- 
ble sites of infeetion or neoplastie growth shonld be exam- 
ined, inelnding the faee, sealp, tongne, month, tonsil, and 
pharynx. 

Eareinnma MEtastases in the Debp 
Eervieal Lymph Nndes 

In the head and neek, all the lymph nltimately drains into 
the deep eervieal group of nodes. Seeondary eareinoma- 
tons deposits in these nodes are eommon. The primary 
growth may be easy to find. On the other hand, at eertain 
anatomie sites the primary growth may be small and over- 
looked, for example, in the larynx, the pharynx, the eervieal 
part of the esophagns, and the external anditory meatns. The 
bronehi, breasfl and stomaeh are sometimes the site of the 
primary tnmor. In these eases, the seeondary growth has 
spread far beyond the loeal lymph nodes. 

When eervieal metastases oeenr, the snrgeon nsnally 
deeides to perform a bloek disseetion of the eervieal nodes. 
This proeednre involves the removal en bloe of the internal 
jngnlar vein, the faseia, the lymph nodes, and the snb- 
mandibnlar salivary gland. The aim of the operation is re- 
moval of all the lymph tissnes on the affeeted side of the 
neek. The earotid arteries and the vagns nerve are earefnlly 
preserved. It is often neeessary to saerifiee the hypoglossal 
and vagns nerves, which may be involved in the eaneerons 
deposits. In patients with bilateral spread, a bilateral bloek 
disseetion may be neeessary. An interval of 3 to 4 weeks is 
neeessary before removing the seeond internal jngnlar vein. 

Eiaminatinn nf the Axillary 
Lymph Nndes 

With the patient standing or sitting, he or she is asked to plaee 
the hand of the side to be examined on the hip and pnsh hard 
medially. This aetion of addnetion of the shonlder joint 
eanses the peetoralis major mnsele to eontraet maximally so 
that it beeomes hard like a board. The examiner then pal- 
pates the axillary nodes (see text Eig. 10-3) as follows: 

■ The anterior (peetoral) nodes may be palpated by press- 
ing forward against the posterior snrfaee of the peetoralis 
major mnsele on the anterior wall of the axilla. 
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■ The posterior (subscapular) nodes may be palpated by 
pressing backward against the anterior snrfaee of the snb- 
seapnlaris mnsele on the posterior wall of the axilla. 

■ The lateral nodes may be palpated against the medial 
side of the axillary vein. The examiner's fingers are 
pressed laterally against the snbelavian vein and the pnl- 
sating axillary artery. 

■ The eentral nodes may be palpated in the eenter of the 
axilla between the peetoralis major (anterior wall) and 
the snbseapnlaris (posterior wall). 

■ For the apieal nodes, the patient is asked to relax the 
shonlder mnseles and let the npper limb hang down at 
the side. The examiner then gently plaees the tips of the 
fingers of the examining hand high up in the axilla to the 
onter border of the first rib. If the nodes are enlarged they 
ean be felt. 

The examination of the axillary lymph nodes always 

forms part of the elinieal examination of the breast. 



Axmary Lymph Nodes 

The importanee of knowing the lymph drainage of the 
breast in relation to the spread of eaneer from that organ 
eannot be overemphasized. The lymph vessels from the me- 
dial quadrants of the breast pieree the seeond, third, and 
fonrth intereostal spaees and enter the thorax to drain into 
the lymph nodes alongside the internal thoraeie artery. The 
lymph vessels from the lateral quadrants of the breast drain 
into the anterior or peetoral gronp of axillary nodes. It fol- 
lows, therefore, that a eaneer oeenrring in the lateral quad- 
rants of the breast tends to spread to the axillary nodes. 
Thoraeie metastases are diffienlt or impossible to treat, bnt 
the lymph nodes of the axilla ean be removed snrgieally. 

Approximately 60% of eareinomas of the breast oeenr in 
the npper lateral quadrant. The lymphatie spread of eaneer 
to the opposite breast, to the abdominal eavity, or into 
lymph nodes in the root of the neek is eansed by obstrnetion 
of the normal lymphatie pathways by malignant eells or de- 
strnetion of lymph vessels by snrgery or radiotherapy. The 
eaneer eells are swept along the lymph vessels and follow 
the lymph stream. The entranee of eaneer eells into the 
blood vessels aeeonnts for the metastases in distant bones. 

In patients with loealized eaneer of the breash most snr- 
geons do a simple masteetomy or a Inmpeetomy, followed 
by radiotherapy to the axillary lymph nodes and/or hormone 
therapy. In patients with loealized eaneer of the breast with 
early metastases in the axillary lymph nodes, most anthori- 
ties agree that radieal masteetomy offers the best ehanee of 
enre. In patients in whom the disease has already spread be- 
yond these areas (e.g., into the thorax), simple masteetomy, 
followed by radiotherapy or hormone therapy, is the treat- 
ment of ehoiee. 


Radieal masteetomy is designed to remove the pri- 
mary tnmor and the lymph vessels and nodes that drain 
the area. This means that the breast and the assoeiated 
strnetnres eontaining the lymph vessels and nodes mnst 
be removed en bloe. The excised mass is therefore made 
up of the following: a large area of skin overlying the tu- 
mor and inelnding the nipple; all the breast tissne; the 
peetoralis major and assoeiated faseia throngh which the 
lymph vessels pass to the internal thoraeie nodes; the pee- 
toralis minor and assoeiated faseia related to the lymph 
vessels passing to the axilla; all the fat, faseia, and lymph 
nodes in the axilla; and the faseia eovering the npper part 
of the reetns sheath, the serratns anterior, the snbseapn- 
laris, and the latissimns dorsi mnseles. The axillary blood 
vessels, the braehial plexus, and the nerves to the serratns 
anterior and the latissimns dorsi are preserved. Some de- 
gree of postoperative edema of the arm is likely to follow 
sneh a radieal removal of the lymph vessels draining the 
npper limb. 

A modified form of radieal masteetomy for patients with 
elinieally loealized eaneer is also a eommon proeednre and 
eonsists of a simple masteetomy in which the peetoral mns- 
eles are left intaet. The axillary lymph nodes, fat, and faseia 
are removed. This proeednre removes the primary tnmor 
and permits pathologie examination of the lymph nodes for 
possible metastases. 



Mediastinoseopy is a diagnostie proeednre whereby speei- 
mens of traeheobronehial lymph nodes are obtained with- 
ont opening the plenral eavities. A small ineision is made in 
the midline in the neek jnst above the snprasternal noteh, 
and the snperior mediastinnm is explored down to the re- 
gion of the bifnreation of the traehea. The proeednre ean be 
nsed to determine the diagnosis and degree of spread of ear- 
einoma of the bronehns. 


Lymphaties di the LDWEr Limh 

The snperfieial and deep ingninal lymph nodes not only 
drain all the lymph from the lower limb, bnt also drain 
lymph from the skin and snperfieial faseia of the anterior 
and posterior abdominal walls below the level of the um- 
biliens; lymph from the external genitalia and the mneons 
membrane of the lower half of the anal eanal also drains 
into these nodes. Remember the large distanees the lymph 
has had to travel in some instanees before it reaehes the 
ingninal nodes. For example, a patient may present with 
an enlarged, painfnl ingninal lymph node eansed by lym- 
phatie spread of pathogenie organisms that entered the 
body throngh a small serateh on the nndersnrfaee of the 
big toe. 
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THE THYMHS 


AllDgrait REjeetian 

At about the time of birth, T lymphoeytes leave the thymus 
and popnlate the peripheral lymphatie tissne; it is these eells 
that will bring about rejeetion of an allograft. Grafts between 
identieal twins or from an individnal to himself or herself 
will survive indefinitely, beeause there is no antigenie re- 
sponse. Althongh the thymns in the adnlt eontinnes to in- 
fluenee the aetivities of the T lymphoeytes, possibly by 
means of thymosin, thymeetomy has been nnsneeessfnl in 
preventing the rejeetion of allografts. Attempts to suppress 



the immnnoeompetent lymphoeytes with drngs have been 
moderately sueeessful. 

TiiinDrs DÍ the ThyniDs 

Thymomas are tnmors of the thymns and are some of the 
most eommon tnmors fonnd in the anterior mediastinnm. 
Many of the tnmors are assoeiated with myasthenia gravis 
and aplasia of blood eells. It is thonght that these diseases are 
autoimmune in origin and may develop as a result of the for- 
mation of T lymphoeytes that reaet to the individnahs own 
tissnes. Myasthenia gravis is a disease in whieh there is a 
possible reduetion of aeetyleholine reeeptors at the motor 
end-plates of skeletal mnsele. Thymomas may be benign or 
malignant. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

1. A 23-year-old woman is treated in the emergeney de- 
partment for an infeeted right index finger. Three days 
previonsly, she had got a rose thorn in her finger while 
gardening. On examination, the finger is red, tender, 
and very swollen. After removing the thorn and apply- 
ing a dressing, the physieian preseribes a eourse of an- 
tibioties. He asks the nnrse to put the patienhs right arm 
in a sling, and warns the patient not to move the arm ex- 
eessively. Explain why the patient's arm has been 
plaeed in a sling. 

2. A 54-year-old man visits his doetor eomplaining of a 
skin infeetion of the auriele of the right ear. The patient 
had seratehed his ear 4 days previonsly and sinee then 
his ear has beeome greatly swollen, and his wife has 
noted that the right side of his neek is also swollen. The 
physieian's assistant made the diagnosis of impetigo and 
gave the patient an antibiotie to be taken orally. She ad- 
vised the patient to plaee a warm eompress over the ear 
twiee daily to reduee the aurieular swelhng. Using your 
knowledge of anatomy and physiology, explain the fol- 
lowing: (a) Why is the ear swollen? (b) Why is the right 
side of the neek swollen? and (e) Why will the appliea- 
tion of a warm eompress to the ear reduee the swelhng? 

3. A 58-year-old woman following a right radieal mastee- 
tomy (whieh involves the removal of the right breast 
and the right axillary lymph nodes) has lymphatie 
edema of the right arm beeause of obstrnetion of the 


normal lymph flow. Deseribe the main faetors respon- 
sible for lymph flow. 

4. Explain the meehanism of allograft rejeetion. What 
form of immnnity is laeking in a patient who has a eon- 
genital absenee of the thymns? 

A 70-year-old man eomplaining of a small painless 
swelhng below his ehin visited his physieian. On ques- 
tioning, he said that he had first notieed the swelhng 4 
months earlier and that it was gradually inereasing in 
size. Beeanse it had not eansed any diseomfort, he had 
ehosen to ignore it. On examination, a single, small, 
hard swelhng eonld be palpated in the submental tri- 
angle. It was mobile on the deep tissnes and not at- 
taehed to the skin. 

5. The following statements snggest that the hard swelhng 
is a seeondary malignant deposit in a lymph node ex- 
eept whieh? 

A. The submental lymph nodes are loeated in the sub- 
mental triangle just below the ehin. 

B. The submental lymph nodes drain the tip of the 
tongne^ the floor of the mouth in the region of the 
frenulum of the tongne, the gums and ineisor teeth, 
the middle third of the lower lip, and the skin over 
the ehin. 

e. A small, hard-based eareinomatous uleer was found 
on the right side of the tongne near the tip. 

D. The deep eervieal group of lymph nodes beneath 
the sternoeleidomastoid mnsele reeeive lymph from 
the submental lymph nodes. 
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E. The submental lymph nodes lie deep to the snperfi- 
eial part of the snbmandibnlar salivary gland. 

An 8-year-old boy was examined by a pediatrieian and 
fonnd to have a painfnl swelbng below and behind the 
angle of the jaw on the left side. The skin over the 
swelhng was red and hot. Palpation of the neek revealed 
a tender firm swelhng beneath the anterior border of 
the sternoeleidomastoid mnsele on the left side. The 
right side of the neek was normal. Examination of the 
pharynx and palatine tonsils showed marked redness of 
the mneons membrane and enlargement of both ton- 
sils, espeeially the one on the left. The left tonsil also 
showed a yellow exudate draining from the tonsillar 
erypts. 

6. Using your knowledge of anatomy, name the group of 
lymph nodes involved in the disease. 

An 18-year-old woman eomplaining of severe pain and 
redness aronnd the base of the nail of the right thumb 
visited her physieian. She stated that she had trimmed 
the entiele (eponyehinm) of her nail with seissors, and 
the following day the pain eommeneed. On examina- 
tion, the skin folds aronnd the root of the nail were red, 
swollen, and extremely tender. The thumb was swollen, 
and red streaks were seen eonrsing up the front of the 
forearm. 

7. The following symptoms and signs in this patient were 
eonsistent with a diagnosis of an aeute baeterial infee- 
tion under the nail folds (paronyehia) of the right 
thnmb except which? 

A. Some tender lymph nodes eonld be palpated in the 
infraelavienlar fossa. 

B. The patienPs temperatnre was raised. 

C. The infeetion had spread into the lymph vessels 
draining the finger. 

D. The red streaks on the front of the forearm were 
eansed by the loeal vasodilatation of the blood ves- 
sels along the eonrse of the lymph vessels. 

E. The lymph vessels from the thumb drain into the 
snpratroehlear node, which was inflamed and en- 
larged. 

A 45-year-old woman having her yearly physieal exami- 
nation was found to have a hard, painless lump in the 
upper lateral quadrant of the left breast. On examina- 
tion with her arms at her sides, the left nipple was seen 
to be higher than the righh and a small dimple of skin 
was noted over the lump. On examination of the left ax- 
illa, three small, hard diserete nodnles could be pal- 
pated below the lower border of the peetoralis major 
muscle. The right breast was normal. A diagnosis of 


eareinoma of the left breast was made, with seeondary 
deposits in the axilla. 

8. The following statements eoneerning this patient are 
eorreet except which? 

A. The eontraeting fibrons tissne of the malignant tu- 
mor had pulled on the laetiferons ducts of the nip- 
ple, raising it above the level of the opposite nipple. 

B. The dimpling of the skin was eansed by the fibrons 
tissne pnlling on the snspensory ligaments of the 
breast. 

C. The upper lateral quadrant of the breast is drained 
into the peetoral or anterior axillary lymph nodes. 

D. The enlarged peetoral lymph nodes could be pal- 
pated against the snrgieal neek of the humerus. 

E. The malignant tumor had spread by way of the 
lymph vessels to the peetoral lymph nodes. 

A 45-year-old man eomplaining of a lump in the groin 
was seen by his physieian. The lump, which caused 
him no pain or diseomfort, was first reeognized 3 
months previonsly. On examination, a large diserete 
hard lump was found about 2 in. (5 cm) below and lat- 
eral to the pubic tubercle on the front of the right thigh. 

9. The following signs indieated that this patient had a 
melanoma of the right big toe with seeondaries in the 
ingninal lymph nodes except which? 

A. Two smaller hard swelhngs were found immediately 
below the large swelhng. 

B. On flexing the right knee joint^ three small hard 
swelhngs could be palpated in the popliteal fossa. 

C. The external genitalia were found to be normal. 

D. Examination of the anal eanal revealed nothing ab- 
normal. 

E. A small pigmented mole was diseovered beneath the 
nail of the right big toe. 

10. A senior medieal stndent taking a snrgieal examination 
was asked to look at a 55-year-old man. On examination 
of the abdomen, he found a hard, fixed mass in the mid- 
line, about 4 in. (10 cm) in diameter, lying on the transpy- 
lorie plane. On questioning, the patient said that he had 
reeently lost 20 Ib and had a poor appetite. The stndent 
told the examiner that the patient was snffering from a ear- 
einoma of the stomaeh and shonld have an immediate 
gastreetomy. The examiner then asked the stndent if he 
had examined the patienf s serotnm, and the stndent ad- 
mitted he had not. On examination, the serotnm was 
found to eontain a large, hard mass on the right side that 
was not tethered to the skin. The ingninal lymph nodes 
on the right side were normal. Explain the eonneetion be- 
tween the abdominal swelhng and the serotal swelling. 
Why were the ingninal lymph nodes normal? 
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1. The immobilization of the patienfs arm in a sling re- 
dnees the mnsenlar aetivity and, thns, the rate of lymph 
flow from the limb. This serves to limit the spread of 
toxins and baeteria from the site of infeetion. 

2. (a) The anriele of the ear is swollen by inflammatory 
edema. Edema is an abnormal aeenmnlation of tissne 
flnid in the intereellnlar spaees. The flnid dynamies of 
inflammatory edema inelndes the vasodilatation of the 
arterioles and eapillaries at the site of infeetion with an 
ontponring of protein-rieh plasma into the tissne spaees 
along with the ontponring of nentrophils. (b) The right 
side of the neek is swollen beeanse the baeteria have 
spread from the right anriele via the lymphatie vessels to 
the right snperfieial and deep eervieal lymph nodes, 
whieh are enlarged as a resnlt of the proliferation of the 
eontained lymphoeytes. (e) In the early stages of 
infeetion, heat eanses arteriolar vasodilatation, whieh in 
tnrn raises blood flow throngh the infeeted skin, 
hastening the arrival of nentrophils, antibodies, and an- 
tibioties to the site of infeetion. Onee the infeetion is 
eontrolled, the inereased vasenlar and lymphatie flow 
will help rednee the loeal aeenmnlation of tissne flnid 
and eanse the swelhng of the ear to diminish. 

3. The faetors responsible for lymph flow are snmmarized 
in the CD paragraph nnder Lymph Flow in Glinieal 
Medieine. 

4. The meehanism of allograft rejeetion is snmmarized in 
the CD paragraph nnder Allograft Rejeetion. In eon- 
genital absenee of the thymns, the patient laeks T lym- 
phoeytes and, therefore, eellnlar immnnity. 

5. E is the eorreet answer. The snbmental lymph nodes 
are not eovered by the snperfieial parts of the snb- 
mandibnlar salivary gland (see text Fig. 10-2). 


6. This patient had a streptoeoeeal pharyngitis with in- 
volvement of the palatine tonsils, espeeially the one on 
the left. The infeetion had spread on the left side to in- 
volve the jngnlodigastrie member of the deep eervieal 
lymph nodes (see text Fig. 10-2). This node had en- 
larged dne to the inflammatory proeess and was re- 
sponsible for the tender swelhng on the left side of the 
neek. 

7. E is the eorreet answer. The lymph vessels from the in- 
dex finger drain into the deltopeetoral nodes (see text 

Fig. 10-1). 

8. D is the eorreet answer. The enlarged peetoral lymph 
nodes ean be palpated against the posterior snrfaee of 
the eontraeted peetoralis major mnsele (see text Fig. 10- 

4). 

9. B is the eorreet answer. Melanomas, whieh are highly 
malignant tnmors, tend to initially spread via the lymph 
vessels to the loeal lymph nodes. These beeome en- 
larged and firm on palpation. The lymphatie drainage 
of the big toe is into the vertieal gronp of snperfieial in- 
gninal lymph nodes (see text Fig. 10-7). 

10. The stndent failed to examine the entire patient and 
made an erroneons diagnosis. He may have been 
sidetraeked in his thonghts by the patient stating that 
he had a poor appetite. One thing is eertain —the stn- 
dent had forgotten his anatomy! (a) Malignant dis- 
ease of the testis metastasizes to the lateral aortie 
nodes lying on the side of the body of the first Inm- 
bar vertebra in the abdomen (on the transpylorie 
plane). This is the normal lymph drainage of the 
testis. (b) The ingninal lymph nodes are only in- 
volved if the tnmor spreads loeally into the tissnes of 
the serotnm ontside the testis. 
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BanE Fraetares 


Immediately after a fraeture, the patient suffers severe loeal 
pain and is not able to nse the injnred part. Deformity may 
be visible if the bone fragments have been displaeed relative 
to eaeh other. The degree of deformity and the direetions 
taken by the bony fragments depend not only on the meeh- 
anism of injnry bnt also on the pnll of the mnseles attaehed 
to the fragments. Ligamentous attaehments also inflnenee 
the deformity. In eertain situations —for example, the 
ilenm —fraetnres resnlt in no deformity beeanse the inner 
and outer snrfaees of the bone are splinted by the extensive 
origins of mnseles. In eontrast, a fraetnre of the neek of the 
femnr produees eonsiderable displaeement. The strong 
mnseles of the thigh pnll the distal fragment upward so that 
the leg is shortened. The very strong lateral rotators rotate 
the distal fragment laterally so that the foot points laterally. 

Fraetnre of a bone is aeeompanied by a eonsiderable 
hemorrhage of blood between the bone ends and into the 
snrronnding soft tissne. The blood vessels and the fibroblasts 
and osteoblasts from the periostenm and endostenm take 
part in the repair proeess. 

Riekets 

Riekets is a defeetive mineralization of the eartilage matrix 
in growing bones. This produees a eondition in whieh the 
eartilage eells eontinne to grow, resnlting in exeess eartilage 
and a widening of the epiphyseal plates. The poorly miner- 
alized eartilaginons matrix and the osteoid matrix are sofh 
and they bend under the stress of bearing weight. The re- 
snlting deformities inelnde enlarged eostoehondral jnne- 
tions, bowing of the long bones of the lower limbs, and boss- 
ing of the frontal bones of the sknll. Deformities of the pelvis 
may also oeenr. 

Epiphyseal Plate Disarders 

Epiphyseal plate disorders affeet only ehildren and adoles- 
eents. The epiphyseal plate is the part of a growing bone 
eoneerned primarily with growth in length. Tranma^ infee- 
tion, dieh exereise, and endoerine disorders ean distnrb the 
growth of the hyaline eartilaginous plate, leading to defor- 
mity and loss of funetion. In the femnr, for example, the 
proximal epiphysis ean slip beeanse of meehanieal stress or 
exeessive loads. The length of the limbs ean inerease exees- 
sively beeanse of inereased vaseularity in the region of the 
epiphyseal plate seeondary to infeetion or in the presenee of 
tnmors. Shortening of a limb ean follow tranma to the epi- 
physeal plate resnlting from a diminished blood snpply to 
the eartilage. 


Skull 

eiìnìeal Features of the Neonatal Skull 

Fontanelles 

Palpation of the fontanelles enables the physieian to deter- 
mine the progress of growth in the snrronnding bones^ the 
degree of hydration of the baby (e.g., if the fontanelles are 
depressed below the snrfaee, the baby is dehydrated), and 
the state of the intraeranial pressnre (a bnlging fontanelle 
indieates raised intraeranial pressnre). 

Samples of eerebrospinal flnid ean be obtained by pass- 
ing a long needle obhquely through the anterior fontanelle 
into the snbaraehnoid spaee or even into the lateral ventriele. 

eiinieally, it is usually not possible to palpate the ante- 
rior fontanelle after 18 months, beeanse the frontal and 
parietal bones have enlarged to elose the gap. 

Tympanie Membrane 

At birth, the tympanie membrane faees more downward and 
less laterally than in matnrity; when examined with the oto- 
seope^ it therefore lies more obhquely in the infant than in 
the adnlt. 

Foreeps Delìvery and the Faeial Nerve 

In the newborn infanp the mastoid proeess is not developed, 
and the faeial nerve, as it emerges from the stylomastoid 
foramen, is elose to the snrfaee. Thns, it ean be damaged by 
foreeps in a diffienlt delivery. 

Fractures of the Skull 

Fraetnres of the sknll are eommon in the adult bnt mneh 
less so in the yonng ehild. In the infant sknll, the bones are 
more resilient than in the adult sknll, and they are separated 
by fibrons sutural ligaments. In the adnlt, the inner table of 
the sknll is partienlarly brittle. Moreover, the sutural liga- 
ments begin to ossify dnring middle age. 

The type of fraeture that oeenrs in the sknll depends on 
the age of the patienF the severity of the blow, and the area 
of sknll reeeiving the tranma. The adnlt sknll may be 
likened to an eggshell in that it possesses a eertain limited re- 
silienee beyond whieh it splinters. A severe, loealized blow 
produees a loeal indentation, often aeeompanied by splin- 
tering of the bone. Blows to the vanlt often resnlt in a series 
of linear fraetures, whieh radiate ont throngh the thin areas 
of bone. The petrons parts of the temporal bones and the oe- 
eipital erests strongly reinforee the base of the sknll and tend 
to defleet linear fraetures. 

In the yonng ehild, the sknll may be likened to a table- 
tennis ball in that a loealized blow produees a depression 
without splintering. This eommon type of eirenmseribed 
lesion is referred to as a ''pond'' fraetnre. 
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Fractures of the Anterior Granial Fossa 

In fraetnres of the anterior eranial fossa, the eribriform plate 
of the ethmoid bone may be damaged. This nsnally resnlts in 
tearing of the overlying meninges and nnderlying mneope- 
riostenm. The patient will have bleeding from the nose 
(epistaxis) and leakage of eerebrospinal flnid into the nose 
(eerebrospinal rhinorrhea). Fraetnres involving the orbital 
plate of the frontal bone resnlt in hemorrhage beneath the 
eonjnnetiva and into the orbital eavity, eansing exophthal- 
mos. The frontal air sinns may be involved^ with hemorrhage 
into the nose. 

Fractures of the Middle Granial Fossa 

Fraetnres of the middle eranial fossa are eommon, beeanse 
this is the weakest part of the base of the sknll. Anatomi- 
eally, this weakness is eansed by the presenee of nnmerons 
foramina and eanals in this region; the eavities of the mid- 
dle ear and the sphenoidal air sinnses are partienlarly vnl- 
nerable. The leakage of eerebrospinal flnid and blood from 
the external anditory meatns is eommon. The seventh and 
eighth eranial nerves may be involved as they pass throngh 
the petrons part of the temporal bone. The third, fonrth, 
and sixth eranial nerves may be damaged if the lateral wall 
of the eavernons sinns is torn. Blood and eerebrospinal 
flnid may leak into the sphenoidal air sinnses and then into 
the nose. 

Fractures of the Posterior Granial Fossa 

In fraetnres of the posterior eranial fossa, blood may eseape 
into the nape of the neek deep to the postvertebral mnseles. 
Some days later, it traeks between the mnseles and appears 
in the posterior triangle, elose to the mastoid proeess. The 
mneons membrane of the roof of the nasopharynx may be 
torn, and blood may eseape there. In fraetnres involving the 
jngnlar foramen, the ninth, tenth, and eleventh eranial 
nerves may be damaged. The strong bony walls of the hy- 
poglossal eanal nsnally proteet the hypoglossal nerve from 
injnry. 

Bone lnjuries of the Skull and Skeletal 
Developnnent 

The developing bones of a ehild's faee are more pliable than 
an adnlhs, and fraetnres may be ineomplete or greenstiek. In 
adnlts, the presenee of well-developed, air-filled sinnses and 
the mneoperiosteal snrfaees of the alveolar parts of the up- 
per and lower jaws means that most faeial fraetnres shonld 
be eonsidered to be open fraetnres, snseeptible to infeetion 
and requiring antibiotie therapy. 

Anatomy of Gommon Faeìal Fraetores 

Antomobile aeeidents, fistienffs, and falls are eommon 
eanses of faeial fraetnres. Fortnnately, the npper part of the 


sknll is developed from membrane (whereas the remainder 
is developed from eartilage); therefore, this part of the sknll 
in ehildren is relatively flexible and ean absorb eonsiderable 
foree without resnlting in a fraetnre. 

Signs of fraetnres of the faeial bones inelnde deformity, 
oenlar displaeement, or abnormal movement aeeompanied 
by erepitation and maloeelnsion of the teeth. Anesthesia or 
paresthesia of the faeial skin will follow fraetnre of bones 
throngh whieh branehes of the trigeminal nerve pass to 
the skin. 

The mnseles of the faee are thin and weak and eanse lit- 
tle displaeement of the bone fragments. Onee a fraetnre of 
the maxilla has been redneed, for example, prolonged fixa- 
tion is not needed. However, in the ease of the mandible, 
the strong mnseles of mastieation ean ereate eonsiderable 
displaeement, requiring long periods of fixation. 

The most eommon faeial fraetnres involve the nasal 
bones, followed by the zygomatie bone and then the 
mandible. To fraetnre the maxillary bones and the snpra- 
orbital ridges of the frontal bones, an enormons foree is 
required. 

Nasal Fractures 

Fraetnres of the nasal bones, beeanse of the prominenee of 
the nose, are the most eommon faeial fraetnres. Beeanse the 
bones are lined with mneoperiostenm, the fraetnre is eon- 
sidered open; the overlying skin may also be laeerated. Al- 
thongh most are simple fraetnres and are redneed nnder 
loeal anesthesia, some are assoeiated with severe injnries 
to the nasal septnm and require earefnl treatment nnder 
general anesthesia. 

Maxillofacial Fractures 

Maxillofaeial fraetnres nsnally oeenr as the resnlt of 
massive faeial tranma. There is extensive faeial swelhng, 
midfaee mobility of the nnderlying bone on palpation, 
maloeelnsion of the teeth with anterior open bite, and pos- 
sibly leakage of eerebrospinal flnid (eerebrospinal rhinor- 
rhea) seeondary to fraetnre of the eribriform plate of the 
ethmoid bone. Donble vision (diplopia) may be present, 
owing to orbital wall damage. Involvement of the infraor- 
bital nerve with anesthesia or paresthesia of the skin of the 
eheek and npper gnm may oeenr in fraetnres of the body 
of the maxilla. Nose bleeding may also oeenr in maxillary 
fraetnres. Blood enters the maxillary air sinns and then 
leaks into the nasal eavity. 

The sites of the fraetnres were elassified by Le Fort 
as type 1, Ih or III; these fraetnres are snmmarized in 

CD Fig. 11-1. 

Blowout Fractures of the Maxilla 

A severe blow to the orbit (as from a baseball) may eanse the 
eontents of the orbital eavity to explode downward throngh 
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Le Fort I 


Le Fortll 


Le Fortlll 



CD Fìgure 11-1 Le Fort elassifieation of nnaxillofacial fractures. The red line denotes the 
fracture line. 


the floor of the orbit into the maxillary sinns. Damage to the 
infraorbital nerve, resnlting in altered sensation to the skin 
of the eheek, npper lip, and gnm, may oeenr. 

Fractures of the Zygoma 
or Zygomatie Areh 

The zygoma or zygomatie areh ean be fraetnred by a blow 
to the side of the faee. Althongh it ean oeenr as an isolated 
fraetnre, as from a blow from a elenehed fish it may be asso- 
eiated with mnltiple other fraetnres of the faee, as often seen 
in antomobile aeeidents. 

Mandible 

Fractures of the Mandible 

The mandible is horseshoe shaped and forms part of a 
bony ring with the two temporomandibnlar joints and the 
base of the sknll. Tranmatie impaet is transmitted aronnd 


the ring, eansing a single fraetnre or mnltiple fraetnres of 
the mandible, often far removed from the point of impaet. 

Vertebral CGluinn 

Examination of the Baek 

It is important that the whole area of the baek and legs be 
examined and thatthe shoes be removed. Unequal length of 
the legs or disease of the hip joints ean lead to abnormal enr- 
vatnres of the vertebral eolnmn. The patient shonld be 
asked to walk up and down the examination room so that the 
normal tilting movement of the pelvis ean be observed. As 
one side of the pelvis is raised, a eoronal Inmbar eonvexity 
develops on the opposite side, with a eompensatory thoraeie 
eonvexity on the same side. When a person assnmes the 
sitting position, it will be noted that the normal Inmbar enr- 
vatnre beeomes flattened, with an inerease in the interval 
between the Inmbar spines. 
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The normal range of movement of the different parts of 
the vertebral eolnmn shonld be tested. In the eervieal re- 
gion, flexion, extension, lateral rotation, and lateral flexion 
are possible. Remember that abont half of the movement re- 
ferred to as flexion is earried ont at the atlantooeeipital 
joints. In flexion, the patient shonld be able to toneh his or 
her ehest with the ehin^ and in extension he or she shonld 
be able to look direetly upward. In lateral rotation the pa- 
tient shonld be able to plaee the ehin nearly in line with the 
shonlder. Half of lateral rotation oeenrs between the atlas 
and the axis. In lateral flexion the head ean normally be 
tilted 45° to eaeh shonlder. It is important that the shonlder 
is not raised when this movement is being tested. 

In the thoraeie region the movements are limited by the 
presenee of the ribs and sternnm. When testing for rotation, 
make snre that the patient does not rotate the pelvis. 

In the Inmbar region, flexion, extension, lateral rota- 
tion, and lateral flexion are possible. Flexion and extension 
are fairly free. Lateral rotation, however, is limited by the 
interloeking of the artienlar proeesses. Lateral flexion in 
the thoraeie and Inmbar regions is tested by asking the pa- 
tient to slide, in tnrn, eaeh hand down the lateral side of 
the thigh. 

Abnormal Curves of the 
Vertebral Column 

Kyphosis is an exaggeration in the sagittal enrvatnre present 
in the thoraeie part of the vertebral eolnmn. It ean be eansed 
by mnsenlar weakness or by strnetnral ehanges in the verte- 
bral bodies or by intervertebral dises. In siekly adoleseents, 
for example, where the mnsele tone is poor, long honrs of 
stndy or work over a low desk ean lead to a gently enrved 
kyphosis of the npper thoraeie region. The person is said to 
be 'honnd-shonldered.” Grnsh fraetnres or tnberenlons de- 
strnetion of the vertebral bodies leads to aente angnlar 
kyphosis of the vertebral eolnmn. In the aged, osteoporosis 
(abnormal rarefaetion of bone) and/or degeneration of the 
intervertebral dises leads to senile kyphosis, involving the 
eervieal, thoraeie, and Inmbar regions of the eolnmn. 

Lordosis is an exaggeration in the sagittal enrvatnre pre- 
sent in the Inmbar region. Lordosis may be eansed by an 
inerease in the weight of the abdominal eontents, as with 
the gravid nterns or a large ovarian tnmor, or it may be 
eansed by disease of the vertebral eolnmn sneh as spondy- 
lolisthesis. The possibility that it is a postnral eompensation 
for a kyphosis in the thoraeie region or a disease of the hip 
joint (eongenital disloeation) mnst not be overlooked. 

Seoliosis is a lateral deviation of the vertebral eolnmn. 
This is most eommonly fonnd in the thoraeie region and 
may be eansed by mnsenlar or vertebral defeets. Paralysis of 
mnseles eansed by poliomyelitis ean eanse severe seoliosis. 
The presenee of a eongenital hemivertebra ean eanse seol- 
iosis. Often seoliosis is eompensatory and may be eansed by 
a short leg or hip disease. 


Partial Fusion of the Saeral Vertebrae 

The first saeral vertebra ean be partly or eompletely sepa- 
rated from the seeond saeral vertebra. Oeeasionally, on ra- 
diographs of the vertebral eolnmn, examples are seen in 
whieh the fifth Inmbar vertebra has fnsed with the first saeral 
vertebra. 

Fracture of the Sacrum in Trauma of 
the Pelvis 

Tranma to the trne pelvis ean resnlt in fraetnre of the lateral 
mass of the saernm. 

Fractures of the Coccyx 
and Coccydynia 

Fraetnres of the eoeeyx are rare. However, eoeeydynia is 
eommon and is nsnally eansed by direet tranma to the 
eoeeyx, as in falling down a flight of eonerete steps. The 
anterior snrfaee of the eoeeyx ean be palpated with a reetal 
examination. 

ThGraeie BGnes 

eiinieal importanee of the Sternal 
Angle (Angle of Louis) 

When one is examining the ehest from the fronh the sternal 
angle (angle of Lonis) is an important landmark. Its posi- 
tion ean easily be felt and ean often be seen by the presenee 
of a transverse ridge. The finger moved to the right or to the 
left passes direetly onto the seeond eostal eartilage and then 
the seeond rib. All other ribs ean be eonnted from this point. 
The twelfth rib ean nsnally be felt from behind, bnt in some 
obese persons this may prove diffienlt. 

Sternum and Marrovv Biopsy 

Sinee the sternnm possesses red hematopoietie marrow 
thronghont life, it is a eommon site for marrow biopsy. 
Under a loeal anesthetie, a wide-bore needle is introdneed 
into the marrow eavity throngh the anterior snrfaee of the 
bone. The sternnm may also be split at operation to allow 
the snrgeon to gain easy aeeess to the hearh great vessels, 
and thymns. 

Cervical Rib 

A eervieal rib (i.e., a rib arising from the anterior tnberele of 
the transverse proeess ofthe seventh eervieal vertebra) oeenrs 
in abont 0.5% of hnmans (CD Fig. 11-2). It may have a free 
anterior end, may be eonneeted to the first rib by a fibrons 
band, or may artienlate with the first rib. The importanee of 
a eervieal rib is that it ean eanse pressnre on the lower trnnk 
of the braehial plexus in some patients, prodneing pain down 
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scalenus nnedius 


braehial plexus 
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eervieal rib 



eervieal rib 
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CDFìgure11-2 Thoraeie outlet as 
seen from above. Note the 
presenee of the eervieal ribs (blaek) 
on both sides. On the right side of 
the thorax, the rib is almost 
eomplete and articulates anteriorly 
with the first rib. On the left side of 
the thorax, the rib is rudimentary 
but is continued forward as a 
fibrous band that is attaehed to the 
first eostal eartilage. Note that the 
eervieal rib may exert pressure on 
the lower trunk of the braehial 
plexus and may kinkthe subclavian 
artery. 


the medial side of the forearm and hand and wasting of the 
small mnseles of the hand. It ean also exert pressnre on the 
overlying snbelavian artery and interfere with the eirenlation 
of the npper limb. 

Rìb Excision 

Rib exeision is eommonly performed by thoraeie snrgeons 
wishing to gain entranee to the thoraeie eavity. A longitndi- 
nal ineision is made throngh the periostenm on the onter 
snrfaee of the rib and a segment of the rib is removed. A see- 
ond longitndinal ineision is then made throngh the bed of 
the rib^ whieh is the inner eovering of periostenm. After the 
operation, the rib regenerates from the osteogenetie layer of 
the periostenm. 

Dones of the IJpper Limh 

Bones of the Shoulder Girdle 

Fractures of the daviele 

The elaviele is a strnt that holds the arm laterally so that it 
ean move freely on the trnnk. Unfortunately, beeanse of its 
position, it is exposed to tranma and transmits forees from 
the npper limb to the trnnk. It is the most eommonly frae- 
tnred bone in the body. The fraetnre nsnally oeenrs as a re- 
snlt of a fall on the shonlder or ontstretehed hand. The foree 
is transmitted along the elaviele, whieh breaks at its weakest 
point, the jnnetion of the middle and onter thirds. After the 
fraetnre, the lateral fragment is depressed by the weight 
of the arm, and it is pnlled medially and forward by the 
strong addnetor mnseles of the shonlder joint, espeeially the 


peetoralis major. The medial end is tilted upward by the 
sternoeleidomastoid mnsele. 

The elose relationship of the snpraelavienlar nerves 
to the elaviele may resnlt in their involvement in eallns for- 
mation after fraetnre of the bone. This may be the eanse of 
persistent pain over the side of the neek. 

eompression of the Braehial Plexus, 
Subclavian Artery, and Subclavian Vein 
by the daviele 

The interval between the elaviele and the first rib in some 
patients may beeome narrowed and thns is responsible for 
eompression of nerves and blood vessels. 

Fractures of the Scapula 

Fraetnres of the seapnla are nsnally the resnlt of severe 
tranma, sneh as oeenrs in rnn-over aeeident vietims or in 
oeenpants of antomobiles involved in erashes. Injnries 
are nsnally assoeiated with fraetnred ribs. Most fraetnres 
of the seapnla require little treatment beeanse the mnseles 
on the anterior and posterior snrfaees adequately splint the 
fragments. 

Dropped Shoulder and VVinged Scapula 

The position of the seapnla on the posterior wall of the tho- 
rax is maintained by the tone and balanee of the mnseles at- 
taehed to it. If one of these mnseles is paralyzed, the balanee 
is npseh as in dropped shonlder, whieh oeenrs with paraly- 
sis of the trapezins, or winged seapnla (CD Fig. 11-3), 
eansed by paralysis of the serratns anterior. Sneh imbalanee 
ean be deteeted by earefnl physieal examination. 
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CD Figure 11-3 VVinging of the right scapula. 

Bones of the Arm 

Fractures of the Proxinnal End 
of the Hunnerus 

Humeral Head Fractures 

Fractures of the humeral head (CD Fig. 11-4) ean occur 
dnring the proeess of anterior and posterior disloeations of 
the shonlder joint. The fibroeartilaginons glenoid labrnm 
of the scapula prodnees the fracture, and the labrnm ean 
beeome jammed in the defeet, making reduction of the 
shoulder joint diffienlt. 

Greater Tuberosity Fractures 

The greater tnberosity of the hnmerns ean be fraetnred by di- 
reet tranma, displaeed by the glenoid labrnm dnring disloea- 
tion of the shonlder joint, or avnlsed by violent eontraetions 
of the supraspinatus mnsele. The bone fragment will have the 
attaehments of the snpraspinatns, teres minor, and infra- 
spinatns mnseles, whose tendons form part of the rotator enff. 
When assoeiated with a shoulder disloeation, severe tearing of 
the enff with the fraetnre ean resnlt in the greater tnberosity 
remaining displaeed posteriorly after the shonlder joint has 
been reduced. In this sitnation, open reduction of the fraetnre 
is neeessary to attaeh the rotator enff baek into plaee. 

Lesser Tuberosity Fractures 

Oeeasionally, a lesser tnberosity fraetnre aeeompanies pos- 
terior disloeation of the shonlder joint. The bone fragment 
reeeives the insertion of the snbseapnlaris tendon (see CD 
Fig. 11-4), a part of the rotator enff. 

Surgical Neek Fractures 

The snrgieal neek of the hnmerns (see CD Fig. 11-4), 

which lies immediately distal to the lesser tnberosity, ean be 
fractured by a direet blow on the lateral aspeet of the shonlder 
or in an indireet manner by falling on the ontstretehed hand. 


Fractures of the Shaft of the Hunnerus 

Fraetnres of the hnmeral shaft are eommon; displaeement 
of the fragments depends on the relation of the site of the 
fraetnre to the insertion of the deltoid mnsele (see CD Fig. 
11-4). When the fraetnre line is proximal to the deltoid in- 
sertion, the proximal fragment is addneted by the peetoralis 
major, latissimns dorsi, and teres major mnseles; the distal 
fragment is pnlled proximally by the deltoid, bieeps, and tri- 
eeps. When the fraetnre is distal to the deltoid insertion, the 
proximal fragment is abducted by the deltoid, and the distal 
fragment is pnlled proximally by the bieeps and trieeps. The 
radial nerve ean be damaged where it lies in the spiral 
groove on the posterior snrfaee of the hnmerns nnder eover 
of the trieeps mnsele. 

Fractures of the Distal End 
of the Hunnerus 

Snpraeondylar fraetnres (see CD Fig. 11-4) are eommon in 
ehildren and oeenr when the ehild falls on the ontstretehed 
hand with the elbow partially flexed. Injnries to the medial, 
radial, and nlnar nerves are not nneommon, althongh fnne- 
tion nsnally quickly retnrns after reduction of the fracture. 
Damage to or pressnre on the braehial artery ean oeenr at 
the time of the fraetnre or from swelhng of the snrronnding 
tissnes; the eirenlation to the forearm may be interfered 
with, leading to Volkmann's isehemie eontraetnre. 

The medial epieondyle (see CD Fig. 11-4) ean be 
avnlsed by the medial eollateral ligament of the elbow joint 
if the forearm is foreibly abducted. The nlnar nerve ean be 
injnred at the time of the fraetnre, ean beeome involved 
later in the repair proeess of the fraetnre (in the eallns), or 
ean nndergo irritation on the irregnlar bony snrfaee after the 
bone fragments are rennited. 

Bones of the Forearm 

Fractures of the Radius and Dlna 

Fraetnres of the head of the radins ean oeenr from falls on 
the ontstretehed hand. As the foree is transmitted along the 
radins, the head of the radins is driven sharply against the ea- 
pitnlnm, splitting or splintering the head (see CD Fig. 11-4). 

Fraetnres of the neek of the radins oeenr in yonng ehil- 
dren from falls on the ontstretehed hand (see CD Fig. 11-4). 

Fraetnres of the shafts of the radins and nlna may or 
may not oeenr together (see CD Fig. 11-4). Displaeement of 
the fragments is usually eonsiderable and depends on the 
pull of the attaehed mnseles. The proximal fragment of the 
radins is snpinated by the snpinator and the bieeps braehii 
mnseles (see CD Fig. 11-4). The distal fragment of the 
radius is pronated and pnlled medially by the pronator 
quadratus mnsele. The strength of the braehioradialis and 
extensor earpi radialis longns and brevis shortens and angn- 
lates the forearm. In fraetnres of the ulna, the nlna angnlates 
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CDFigure11-4 A. eomnnon 
fractures of the humerus. 

B. Gommon fractures of the 
radius and ulna. The 
displaeement of the bony 
fragments on the site of the 
fracture line and the pull of the 
muscles. CF = pull of eommon 
flexure muscles, D = deltoid, 

PM = peetoralis major, 

S = supraspinatus, SDB = 
subscapularis, and TR = trieeps. 


posteriorly. To restore the normal movements of pronation 
and snpination, the normal anatomie relationship of the ra- 
dins, nlna, and interosseons membrane mnst be regained. 

A fraetnre of one forearm bone may be assoeiated with 
a disloeation of the other bone. In Monteggia's fraetnre, for 
example, the shaft of the nlna is fraetnred by a foree applied 
from behind. There is a bowing forward of the nlnar shaft 


and an anterior disloeation of the radial head with rnptnre 
of the annlar ligament. In Galeazzi's fraetnre, the proximal 
third of the radins is fraetnred and the distal end of the nlna 
is disloeated at the distal radionlnar joint. 

Fraetnres of the oleeranon proeess ean resnlt from a 
fall on the flexed elbow or from a direet blow. Depending on 
the loeation of the fraetnre line, the bony fragment may be 
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displaeed by the pull of the trieeps musele, whieh is inserted 
on the oleeranon proeess (see CD Fig. 11-4). Avnlsion frae- 
tnres of part of the oleeranon proeess ean be produeed by 
the pull of the trieeps mnsele. Good funetional return after 
any of these fraetures depends on the aeeurate anatomie re- 
dnetion of the fragment. 

Golles' fraetnre is a fraetnre of the distal end of the 
radins resnlting from a fall on the outstretehed hand. It eom- 
monly oeeurs in patients older than 50 years. The foree dri- 
ves the distal fragment posteriorly and superiorly, and the 
distal artienlar surfaee is inelined posteriorly (CD Fig. 11-5). 
This posterior displaeement prodnees a posterior bump, 
sometimes referred to as the “dinner-fork deformity” be- 
eanse the forearm and wrist resemble the shape of that eat- 
ing ntensil. Failnre to restore the distal artieular surfaee to its 
normal position will severely limit the range of flexion of the 
wrist joint. 

Smith^s fraetnre is a fraetnre of the distal end of the 
radius and oeeurs from a fall on the baek of the hand. It is 
a reversed Golles' fraeture beeause the distal fragment is 
displaeed anteriorly (see CD Fig. II-5). 

Oleeranon Bursitis 

A small subeutaneous bnrsa is present over the oleeranon 
proeess of the nlna, and repeated trauma often prodnees 
ehronie bursitis. 

Bones of the Hand 

Inj uries to the Bones of the Hand 

Fraetnre of the seaphoid bone is eommon in young adults; 
nnless treated effeetively, the fragments will not unite, and 
permanent weakness and pain of the wrist will resnlfl with 
the subsequent development of osteoarthritis. The fraetnre 
line usually goes through the narrowest part of the bone, 
whieh beeause of its loeation is bathed in synovial fluid. 


The blood vessels to the seaphoid enter its proximal and 
distal ends, although the blood supply is oeeasionally eon- 
fined to its distal end. If the latter oeenrs, a fraetnre de- 
prives the proximal fragment of its arterial supply, and this 
fragment nndergoes avaseular neerosis. Deep tenderness 
in the anatomie snuffbox after a fall on the outstretehed 
hand in a young adnlt makes one suspieious of a fraetured 
seaphoid. 

Disloeation of the Innate bone oeeasionally oeeurs in 
young adnlts who fall on the outstretehed hand in a way that 
eauses hyperextension of the wrist joint. Involvement of the 
median nerve is eommon. 

Fraetnres of the metaearpal bones ean oeeur as a re- 
sult of direet violenee, sueh as the elenehed fist striking a 
hard objeet. The fraeture always angnlates dorsally. The 
'ToxeFs fraetnre” eommonly produees an obhque fraeture 
of the neek of the fifth and sometimes the fonrth metaearpal 
bones. The distal fragment is eommonly displaeed proxi- 
mally^ thns shortening the finger posteriorly. 

Bennett's fraetnre is a fraeture of the base of the 
metaearpal of the thnmb eaused when violenee is applied 
along the long axis of the thnmb or the thnmb is foreefially 
abdueted. The fraetnre is oblique and enters the ear- 
pometaearpal joint of the thnmb, eausing joint instability. 

Fraetnres of the phalanges are eommon and usually 
follow direet injnry. 


Bones of the Pelvie Girdle 

eiinieal Concept: The Pelvis Is a 
Basin with Holes in Its Walls 

The walls of the pelvis are formed by bones and ligaments; 
these are partly lined with mnseles (obturator internns and 
piriformis) eovered with faseia and parietal peritoneum. On 






B 


CD Figure 11-5 Fraetores of the distal end of the radius. 
A. Golles' fracture. B. Smith's fracture. 
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the outside of the pelvis are the attaehments of the gluteal 
museles and the obtnrator externus musele. The greater part 
of the bony pelvis is thus sandwiehed between inner and 
outer museles. 

The basin has anterior, posterior, and lateral walls and 
an inferior wall or floor formed by the important levator ani 
and eoeeygens mnseles and their eovering faseia. 

The basin has many holes: The posterior wall has holes 
on the anterior snrfaee of the saernm, the anterior saeral 
foramina, for the passage of the anterior rami of the saeral 
spinal nerves. The saerotnberons and saerospinons liga- 
ments eonvert the greater and lesser seiatie notehes into the 
greater and lesser seiatie foramina. The greater seiatie fora- 
men provides an exit from the true pelvis into the glnteal re- 
gion for the seiatie nerve, the pndendal nerve, and the glnteal 
nerves and vessels; the lesser seiatie foramen provides an en- 
tranee into the perinenm from the glnteal region for the pu- 
dendal nerve and the internal pndendal vessels. (One ean 
make a fnrther analogy here: For the wires to gain entranee 
to the apartment below, without going throngh the floor, 
they have to pieree the wall [greater seiatie foramen] to get 
ontside the bnilding and then retnrn throngh a seeond hole 
[lesser seiatie foramen]. In the ease of the human body, the 
pndendal nerve and internal pndendal vessels are the wires 
and the levator ani and the eoeeygens mnseles are the floor. 

The lateral pelvie wall has a large hole, the obturator 
foramen, whieh is elosed by the obtnrator membrane, ex- 
eept for a small opening that permits the obtnrator nerve to 
leave the pelvis and enter the thigh. 


Pelvie Measarements in Obstetries 

The eapaeity and shape of the female pelvis are of fnnda- 
mental importanee in obstetries. The female pelvis is well 
adapted for the proeess of ehildbirth. The pelvis is shallower 
and the bones are smoother than in the male. The size of the 
pelvie inlet is similar in the two sexes, but in the female, the 
eavity is larger and eylindrieal and the pelvie ontlet is wider 
in both the anteroposterior and the transverse diameters. 

Fonr terms relating to areas of the pelvis are eommonly 
nsed in elinieal praetiee: 


the baby's head as it deseends throngh the pelvis dnring 

ehildbirth (CD Figs. 11-6 and 11-7A). 

Internal Pelvie Assessments 

Internal pelvie assessments are made by vaginal examination 
dnring the later weeks of pregnaney, when the pelvie tis- 
sues are softer and more yielding than in the newly pregnant 
eondition. 

■ Pubic areh: Spread the fingers under the pubic areh and 
examine its shape. Is it broad or angnlar? The examineFs 
four fingers shonld be able to rest eomfortably in the 
angle below the symphysis. 

■ Lateral walls: Palpate the lateral walls and determine 
whether they are eoneave, straight, or eonverging. The 
prominenee of the isehial spines and the position of the 
saerospinons ligaments are noted. 

■ Posterior wall: The saernm is palpated to determine 
whether it is straight or well enrved. Finally, if the patient 
has relaxed the perinenm snffieiently, an attempt is made 
to palpate the promontory of the saernm. The seeond 
finger of the examining hand is plaeed on the promon- 
tory, and the index finger of the free hand, ontside the 
vagina, is plaeed at the point on the examining hand 
where it makes eontaet with the lower border of the sym- 
physis. The fingers are then withdrawn and the distanee 
measnred (CD Fig. 11-7B), providing the measnrement 
of the diagonal eonjngate, which is normally about 5 in. 
(13 em). The anteroposterior diameter from the saero- 
eoeeygeal joint to the lower border of the symphysis is 
then estimated. 

■ isehial tnberosities: The distanee between the isehial 
tnberosities may be estimated by using the elosed fist 
(CD Fig. 11-7D). It measnres about 4 in. (10 em), but it 
is difficult to measure exactly. 

Needless to say, eonsiderable elinieal experience is re- 
quired to be able to assess the shape and size of the pelvis by 
vaginal examination. 


The Female Pelvis 


The pelvie inlet or brim of the true pelvis (CD Fig. 11- 
6) is bounded anteriorly by the symphysis pubis, laterally 
by the iliopeetineal lines, and posteriorly by the saeral 
promontory. 

The pelvie ontlet of the true pelvis (see CD Fig. 11-6) is 
bounded in front by the pubic areh, laterally by the is- 
ehial tuberosities, and posteriorly by the coccyx. The 
sacrotuberous ligaments also form part of the margin of 
the ontlet. 

The pelvie eavity is the spaee between the inlet and the 
ontlet (see CD Fig. 11-6). 

The axis of the pelvis is an imaginary line joining 
the eentral points of the anteroposterior diameters from 
the inlet to the ontlet and is the enrved eonrse taken by 


Deformities of the pelvis may be responsible for dystoeia 
(diffienlt labor). A eontraeted pelvis may obstrnet the nor- 
mal passage of the fetus. It may be indireetly responsible for 
dystoeia by eansing eonditions such as malpresentation or 
malposition of the fetus, premature rupture of the fetal 
membranes, and nterine inertia. 

The cause of pelvie deformities may be eongenital 
(rare) or acqnired from disease, poor postnre, or fraetnres 
eansed by injnry. Pelvie deformities are more eommon in 
women who have grown up in a poor environment and are 
undernourished. It is probable that these women snffered in 
their youth from minor degrees of riekets. 

In 1933, Caldwell and Moloy elassified pelves into fonr 
gronps: gyneeoid, android, anthropoid, and platypelloid 
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CD Figure 11-6 Pelvie inlet, pelvie outlet diagonal 
conjugate, and axis of the pelvis. Some of the main 
differenees betvveen the female and the male pelvis are 
also shovvn. 


(CD. Fig. 1 l-7C).The gyneeoid type, present in abont 41% 

of women, is the typieal female pelvis, whieh was previonsly 
deseribed. 

The android type, present in abont 33% of white fe- 
males and 16% of blaek females, is the male or fnnnel- 
shaped pelvis with a eontraeted ontlet. 

The anthropoid type, present in abont 24% of white fe- 
males and 41% of blaek females, is long, narrow, and oval 
shaped. 

The platypelloid type, present in only abont 2% of 
women, is a wide pelvis flattened at the brim, with the 
promontory of the saernm pnshed forward. 


Fractures of the Pelvis 

Fractures of the False Pelvis 

Fraetnres of the false pelvis eansed by direet tranma oeea- 
sionally oeenr. The npper part of the ilinm is seldom dis- 
plaeed beeanse of the attaehment of the iliaens mnsele on 
the inside and the glnteal mnseles on the ontside. 

Fractures of the True Pelvis 

The meehanism of fraetnres of the trne pelvis ean be better 
nnderstood if the pelvis is regarded not only as a basin bnt 
also as a rigid ring (see CD Fig. 11-8). The ring is made up 
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D nneasuring transverse diameter of pelvie outlet 


CD Fìgure 11-7 A. Birth eanal. Intermpted line indieates the axis of the eanal. 

B. Procedure used in nneasuring the diagonal conjugate. C. Different types of pelvie inlets, 
aeeording to Galdvvell and Moloy. D. Estinnation of the vvidth of the pelvie outlet by nneans 
of a elosed fist. 


of the pubic rami, the ischium, the acetabulum, the ihum, 
and the saernm, joined by strong ligaments at the saeroiliae 
and symphyseal joints. If the ring breaks at any one point, 
the fraetnre will be stable and no displaeement will occur. 
However, if two breaks oeenr in the ring, the fracture will be 


nnstable and displaeement will occur, beeanse the postver- 
tebral and abdominal mnseles will shorten and elevate the 
lateral part of the pelvis (see CD Fig. 11-8). The break in the 
ring may oeenr not as the result of a fracture but as the result 
of disrnption of the saeroiliae or symphyseal joints. Fracture 
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isehial tuberosity 


CDFigure11-8 A-C. Different types of 
fractures of the pelvie basin. D. Avulsion 
fractures of the pelvis. The sartorius 
nnuscle is responsible for the avulsion of 
the anterior superior iliae spine; the 
straight head of the rectus femoris muscle, 
for the avulsion of the anterior inferior iliae 
spine; and the hamstring muscles, for the 
avulsion of the isehial tuberosity. 


of bone on either side of the joint is more eommon than dis- 
rnption of the joint. 

The forees responsible for the disrnption of the bony 
ring may be anteroposterior eompression, lateral eompres- 
sion, or shearing. 

A heavy fall on the greater troehanter of the femnr 
may drive the head of the femnr throngh the floor of the 
aeetabnlnm into the pelvie eavity. 

Fractures of the Sacrum and Coccyx 

Fraetnres of the lateral mass of the saernm may oeenr as part 
of a pelvie fraetnre. Fraetnres of the eoeeyx are rare. 

Minor Fractures of the Pelvis 

The anterior snperior iliae spine may be pnlled off by the 
foreible eontraetion of the sartorins mnsele in athletes (see 
CD Fig. 11-8). In a similar manner the anterior inferior il- 
iae spine may be avnlsed by the eontraetion of the reetns 
femoris mnsele (origin of the straight head). The isehial 
tnberosity ean be avnlsed by the eontraetion of the ham- 
string mnseles. Healing may oeenr by fibrons nnion, possi- 
bly resnlting in elongation of the mnsele nnit and some 
rednetion in mnsenlar effieieney. 

Anatomy of Complications of Pelvie Fractures 

Fraetnres of the trne pelvis are eommonly assoeiated with 
injnries to the soft pelvie tissnes. 

If damaged, the thin pelvie veins —namely, the internal 
iliae veins and their tribntaries — that lie in the parietal pelvie 


faseial beneath the parietal peritonenm ean be the sonree of 
a massive hemorrhage^ whieh may be life threatening. 

The male nrethra is often damaged, espeeially in vertieal 
shear fraetnres that may disrnpt the nrogenital diaphragm. 

The bladder, whieh lies immediately behind the pnbis in 
both sexes, is oeeasionally damaged by spienles of bone; a fnll 
bladder is more likely to be injnred than is an empty bladder. 

The reetnm lies within the eoneavity of the saernm and 
is proteeted and rarely damaged. Fraetnres of the saernm or 
isehial spine may be thrnst into the pelvie eavity, tearing the 
reetnm. 

Nerve injnries ean follow saeral fraetnres; the laying 
down of fibrons tissne aronnd the anterior or posterior nerve 
roots or the branehes of the saeral spinal nerves ean resnlt in 
persistent pain. 

Damage to the seiatie nerve may oeenr in fraetnres 
involving the bonndaries of the greater seiatie noteh. The 
peroneal part of the seiatie nerve is most often involved, re- 
snlting in the inability of a eonseions patient to dorsiflex the 
ankle joint or failnre of an nneonseions patient to reflexly 
plantar-flex (ankle jerk) the foot. 

Bones of the Thigh 

Tenderness of the Head of the Femur 
and Arthritis of the Hip Joint 

The head of the femnr—that is, that part that is not intraae- 
etabnlar—ean be palpated on the anterior aspeet of the thigh 
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just inferior to the inguinal ligament and just lateral to the 
pnlsating femoral artery. Tenderness over the head of the fe- 
mnr nsnally indieates the presenee of arthritis of the hip joint. 

Blood Supply to the Femoral Head 
and Neek Fractures 

Anatomie knowledge of the blood snpply to the femoral 
head explains why avasenlar neerosis of the head ean oeenr 
after fraetnres of the neek of the femnr. In the yonng, the 
epiphysis of the head is snpplied by a small braneh of the ob- 
tnrator artery, whieh passes to the head along the ligament 
of the femoral head. The upper part of the neek of the femur 
reeeives a profnse blood snpply from the medial femoral eir- 
eumflex artery (see text Fig. 12-25). These branehes pieree 
the eapsnle and aseend the neek deep to the synovial mem- 
brane. As long as the epiphyseal eartilage remains, no 
eommnnieation oeenrs between the two sonrees of blood. 
In the adulh after the epiphyseal eartilage disappears, an 
anastomosis between the two sonrees of blood snpply is es- 
tablished. Fraetnres of the femoral neek interfere with or 
eompletely interrnpt the blood snpply from the root of the 
femoral neek to the femoral head. The seant blood flow 
along the small artery that aeeompanies the round ligament 
may be insnffieient to snstain the viability of the femoral 
head, and isehemie neerosis gradnally takes plaee. 

The Neek of the Fennur and Coxa Valga 
and Coxa Vara 

The neek of the femur is inelined at an angle with the shaft; 
the angle is about 160° in the young ehild and about 125° 
in the adult. An inerease in this angle is referred to as coxa 
valga, and it oeenrs, for example, in eases of eongenital dis- 
loeation of the hip. In this eondition, addnetion of the hip 
joint is limited. A deerease in this angle is referred to as coxa 
vara, and it oeenrs in fraetnres of the neek of the femur 
and in slipping of the femoral epiphysis. In this eondition, 
abdnetion of the hip joint is limited. Shenton's line is a use- 
ful means of assessing the angle of the femoral neek on a 
radiograph of the hip region (see text Fig. 11-66). 

Fractures of the Fennur 

Fractures of the neek of the femur are eommon and are of 
two types, snbeapital and troehanterie. The snbeapital frae- 
ture oeenrs in the elderly and is usually produeed by a mi- 
nor trip or stnmble. Snbeapital femoral neek fraetnres are 
partienlarly eommon in women after menopanse. This gen- 
der predisposition is beeanse of a thinning of the eortieal 
and trabeenlar bone eansed by estrogen defieieney. Avasen- 
lar neerosis of the head is a eommon eomplieation. If the 
fragments are not impaeted, eonsiderable displaeement oe- 
eurs. The strong mnseles of the thigh (CD Fig. 11-9), in- 
elnding the reetns femoris, the addnetor mnseles, and the 
hamstring mnseles, pull the distal fragment upward, so that 


the leg is shortened (as measnred from the anterior snperior 
iliae spine to the addnetor tnberele or medial malleolns). 
The gluteus maximus, the piriformis, the obturator inter- 
nus, the gemelli, and the quadratus femoris rotate the distal 
fragment laterally, as seen by the toes pointing laterally. 

Troehanterie fraetnres eommonly oeeur in the young 
and middle-aged as a resnlt of direet tranma. The fraetnre 



CD Fìgure 11-9 A. Fraetores of the neek of the femur. 

B. Displaeement of the lovver bone fragment caused by the 
pull of the povverful muscles. Note in particular the outvvard 
rotation of the leg so that the foot eharaeteristieally points 
laterally. GM = gluteus maximus, AM = adductor muscles, 
GE = gemelli, HS = hamstring muscles, 01 = obturator 
internus, Pl = piriformis, QF = quadratus femoris, 

RF = rectus femoris. 
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line is extracapsular, and both fragments have a profnse 
blood snpply. If the bone fragments are not impaeted, the 
pnll of the strong mnseles will prodnee shortening and 
lateral rotation of the leg, as previonsly explained. 

Fraetnres of the shaft of the femur nsnally oeenr in 
yonng and healthy persons. In fractures of the upper third 
of the shaft of the femnr^ the proximal fragment is flexed by 
the iliopsoas; abdneted by the glntens medins and minimns; 
and laterally rotated by the glntens maximus, the piriformis, 
the obtnrator internns, the gemelli, and the quadratus 
femoris (CD Fig. 11-10). The lower fragment is addneted by 
the addnetor mnseles, pnlled upward by the hamstrings and 


quadriceps, and laterally rotated by the addnetors and the 
weight of the foot (see CD Fig. 11-10). 

In fractures of the middle third of the shaft of the fe- 
mnr, the distal fragment is pnlled upward by the hamstrings 
and the quadriceps (see CD Fig. 11-10), resnlting in eon- 
siderable shortening. The distal fragment is also rotated 
backward by the pnll of the two heads of the gastroenemins 

(see CD Fig. 11-10). 

In fractures of the distal third of the shaft of the femnr, 
the same displaeement of the distal fragment oeenrs as seen 
in fraetnres of the middle third of the shaft. However, the 
distal fragment is smaller and is rotated backward by the 




CD Figure 11-10 Fraetores of the shaft 
of the femur. A. Dpper third of the 
femoral shaft. Note the displaeement 
caused by the pull ofthe powerful 
muscles. B. Middle third of the femoral 
shaft. Note the posterior displaeement of 
the lower fragment caused by the 
gastrocnemius muscle. C. Lowerthird of 
the femoral shaft. Note the excessive 
displaeement of the lower fragment 
caused by the pull of the gastrocnemius 
muscle, threatening the integrity of the 
popliteal artery. AM = adductor muscles, 
GAST = gastrocnemius, GE = gemelli, 
GM = gluteus maximus, GME = gluteus 
medius, GMI = gluteus minimus, 

HAM = hamstrings, IP = iliopsoas, 

01 = obturator internus, Pl = piriformis, 
QDF = quadriceps femoris, 

QF = quadratus femoris. 










Bones and Cartìlage 161 


gastrocnemius mnsele (see CD Fig. 11-10) to a greater 
degree and may exert pressnre on the popliteal artery and 
interfere with the blood flow throngh the leg and foot. 

From these aeeonnts it is elear that knowledge of the 
different aetions of the mnseles of the leg is neeessary to un- 
derstand the displaeement of the fragments of a fraetnred 
femnr. Gonsiderable traetion on the distal fragment is usu- 
ally required to overeome the powerful mnseles and restore 
the limb to its eorreet length before manipnlation and oper- 
ative therapy to bring the proximal and distal fragments into 
eorreet alignment. 

Patellar Disloeations 

The patella is a sesamoid bone lying within the quadriceps 
tendon. The importanee of the lower horizontal fibers of the 
vastns medialis and the large size of the lateral eondyle of 
the femnr in preventing lateral displaeement of the patella 
have been emphasized. Gongenital reenrrent disloeations 
of the patella are eansed by nnderdevelopment of the lateral 
femoral eondyle. Tranmatie disloeation of the patella resnlts 
from direet tranma to the quadriceps attaehments of 
the patella (espeeially the vastns medialis), with or without 
fraetnre of the patella. 

Patellar Fractures 

A patella fraetnred as a resnlt of direet violenee, as in an au- 
tomobile aeeident, is broken into several small fragments. 
Beeanse the bone lies within the quadriceps femoris tendon, 
little separation of the fragments takes plaee. The elose rela- 
tionship of the patella to the overlying skin may resnlt in the 
fraetnre being open. Fraetnre of the patella as a resnlt of in- 
direet violenee is eansed by the sndden eontraetion of the 
quadriceps snapping the patella aeross the front of the 
femoral eondyles. The knee is in the semiflexed position^ and 
the fraetnre line is transverse. Separation of the fragments 
nsnally oeenrs. 

Bones of the Leg 

Fractures of the Tibia and Fibula 

Fraetnres of the tibia and fibnla are eommon. If only one 
bone is fraetnred, the other aets as a splint and displaeement 
is minimal. Fraetnres of the shaft of the tibia are often open 
beeanse the entire length of the medial snrfaee is eovered 
only by skin and snperfieial faseia. Fraetnres of the distal 
third of the shaft of the tibia are prone to delayed nnion or 
nonnnion. This ean be beeanse the nntrient artery is torn at 
the fraetnre line, with a consequent rednetion in blood flow 
to the distal fragment; it is also possible that the splint-like 
aetion of the intaet fibnla prevents the proximal and distal 
fragments from eoming into apposition. 

Fraetnres of the proximal end of the tibia, at the tib- 
ial eondyles (tibial platean), are eommon in the middle- 


aged and elderly; they nsnally resnlt from direet violenee to 
the lateral side of the knee joint, as when a person is hit by 
the bnmper of an antomobile. The tibial eondyle may 
show a split fraetnre or be broken up, or the fraetnre line 
may pass between both eondyles in the region of the inter- 
eondylar eminenee. As a resnlt of foreed abdnetion of the 
knee joint, the medial eollateral ligament ean also be torn 
or rnptnred. 

Fraetnres of the distal end of the tibia are eonsidered 
with the ankle joint. 

lntraosseous lnfusion oftheTibia 
in the Infant 

The technique may be nsed for the infnsion of flnids and 
blood when it has been fonnd impossible to obtain an intra- 
venons line. The proeednre is easy and rapid to perform, as 
follows: 

1. With the distal leg adequately snpported, the anterior 
snbentaneons snrfaee of the tibia is palpated. 

2. The skin is anesthetized abont 1 in. (2.5 em) distal to 
the tibial tnberosity, thns bloeking the infrapatellar 
braneh of the saphenons nerve. 

3. The bone marrow needle is direeted at right angles 
throngh the skin, snperfieial faseia, deep faseia, and tib- 
ial periostenm and the cortex of the tibia. Onee the nee- 
dle tip reaehes the mednlla and bone marrow, the 
operator senses a feeling of “give.” The position of the 
needle in the marrow ean be eonfirmed by aspiration. 
The needle shonld be direeted slightly eandad to avoid 
injnry to the epiphyseal plate of the proximal end of the 
tibia. The transfnsion may then eommenee. 

Bones of the Foot 

Fractures of the Calcaneum 

Gompression fraetnres of the ealeanenm resnlt from falls 
from a height. The weight of the body drives the talns down- 
ward into the ealeanenm, ernshing it in sneh a way that it 
loses vertieal height and beeomes wider laterally. The pos- 
terior portion of the ealeanenm above the insertion of the 
tendo ealeanens ean be fraetnred by posterior displaeement 
of the talns. The snstentaenlnm tali ean be fraetnred by 
foreed inversion of the foot. 

Fractures of the Talus 

Fraetnres oeenr at the neek or body of the talns. Neek frae- 
tnres oeenr dnring violent dorsiflexion of the ankle joint 
when the neek is driven against the anterior edge of the dis- 
tal end of the tibia. The body of the talns ean be fraetnred by 
jnmping from a heighF althongh the two malleoli prevent 
displaeement of the fragments. 
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Fractures of the Metatarsal Bones 

The base of the fifth metatarsal ean be fraetnred dnring 
foreed inversion of the fooh at whieh time the tendon of in- 
sertion of the peronens brevis mnsele pnlls off the base of 
the metatarsal. 


Stress fraetnre of a metatarsal bone is eommon in jog- 
gers and in soldiers after long marehes; it ean also oeenr in 
nnrses and hikers. It oeenrs most frequently in the distal 
third of the seeond, third, or fonrth metatarsal bone. Mini- 
mal displaeement oeenrs beeanse of the attaehment of the 
interosseons mnseles. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

A 19-year-old boy was snspeeted of having lenkemia. It 
was deeided to eonfirm the diagnosis by performing a 
bone marrow biopsy. 

1. The following statements eoneerning this proeednre 
are eorreet except which? 

A. The biopsy was taken from the lower end of the 
tibia. 

B. Red bone marrow speeimens ean be obtained from 
the sternnm or the iliae erests. 

e. At birth, the marrow of all bones of the body is red 
and hematopoietie. 

D. The blood-forming aetivity of bone marrow in many 
long bones gradnally lessens with age, and the red 
marrow is gradnally replaeed by yellow marrow. 

A 45-year-old man with extensive maxillofacial injnries 
after an antomobile aeeident was bronght to the emer- 
geney department. Evalnation of the airway revealed 
partial obstrnetion. Despite an obvions fraetnred 
mandible, an attempt was made to move the tongne for- 
ward from the posterior pharyngeal wall by pnshing the 
angles of the mandible forward. This manenver failed to 
move the tongne, and it beeame neeessary to hold the 
tongne forward direetly to pnll it away from the posterior 
pharyngeal wall. 

2. The most likely reason the physieian was nnable to pnll 
the tongne forward in this patient is which? 

A. The hypoglossal nerves were damaged on both sides 
of the neek. 

B. Spasm of the styloglossns mnseles 

e. The mandibnlar origin of the genioglossns mnseles 
was floating beeanse of bilateral fraetnres of the body 
of the mandible. 

D. The presenee of a blood elot in the month 

E. The resistanee of the patient 

A 46-year-old man was seen in the emergeney depart- 
ment after being knoeked down in a street brawl. He 


had reeeived a blow on the head with an empty bottle. 
On examination, the patient was eonseions and had a 
large dongh-like swelhng over the baek of the head 
that was restrieted to the area over the oeeipital bone. 
The skin was intaet, and the swelhng flnetnated on 
palpation. 

3. The following statements eoneerning this patient are 
eorreet except which? 

A. The hematoma, althongh large, did not extend for- 
ward to the orbital margins and did not extend later- 
ally as far as the temporal lines. 

B. The hematoma was loeated jnst beneath the sealp 
and was snperfieial to the periostenm of the oeeipi- 
tal bone. 

e. The swelhng did not oeenpy the snbentaneons tis- 
sne of the sealp. 

D. The hematoma was restrieted to one sknll bone and 
was sitnated beneath the periostenm. 

A 45-year-old woman visited her physieian beeanse of a 
low baek pain of 3 months' dnration. She was otherwise 
very fit. On examination of her baek^ nothing abnormal 
was diseovered. The physieian then listened to her 
ehesh examined her thyroid gland, and finally exam- 
ined both breasts. A large, hard mass was fonnd in the 
left breast. 

4. The following faets snpported the diagnosis of earei- 
noma of the left breast with seeondaries in the vertebral 
eolnmn except which? 

A. The Inmp in the breast was painless and the pa- 
tient had notieed it while showering 6 months 
previonsly. 

B. Several large, hard, peetoral lymph nodes were 
fonnd in the left axilla. 

e. A lateral radiograph of the Inmbar vertebral eolnmn 
showed extensive metastases in the bodies of the 
seeond and third Inmbar vertebrae. 

D. The Inmp was sitnated in the npper onter quadrant 
of the left breast and was fixed to snrronnding 
tissnes. 
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E. Although the eaneer had spread by the lymph ves- 
sels, no evidenee of spread via the bloodstream was 
present. 

A 65-year-old man and a 10-year-old boy were involved 
in a severe aiitomobile aeeident. In both patients the 
thorax had been badly ernshed. Radiographie examina- 
tion revealed that the man had five fraetiired ribs but 
the boy had no fraetures. 

5. What is the most likely explanation for this differenee 
in medieal findings? 

A. The patients were in different seats in the vehiele. 

B. The boy was wearing his seat belt and the man was 
not. 

e. The ehest wall of a ehild is very elastie, and fraetures 
of ribs in ehildren are rare. 

D. The man antieipated the impaet and tensed his 
mnseles, inelnding those of the shoulder girdle and 
abdomen. 

An 18-year-old woman was thrown from a horse while 
attempting to jnmp a fenee. She landed heavily on 
the ground, striking the lower part of her ehest on 
the left side. On examination in the emergeney de- 
partment she was eonseious but breathless. The lower 
left side of her ehest was badly brnised, and the ninth 
and tenth ribs were extremely tender to toueh. She 
had severe taehyeardia, and her systolie blood pressure 
was low. 

6. The following statements are possibly eorreet except 
whieh? 

A. There was evidenee of tenderness and mnsele spasm 
in the left npper quadrant of the anterior abdominal 
wall. 

B. A posteroanterior radiograph of the ehest revealed 
fraetnres of the left ninth and tenth ribs near their 
angles. 

e. The blnnt trauma to the ribs eould not resnlt in 
injnry to the nnderlying spleen. 

D. The presenee of blood in the peritoneal eavity had 
irritated the parietal peritonenm, prodneing reflex 
spasm of the upper abdominal mnseles. 

E. The mnseles of the anterior abdominal wall are 
snpplied by thoraeie spinal nerves. 

A 15-year-old girl^ while demonstrating to her friends 
her profieieney at standing on her hands, snddenly 
went off balanee and pnt all her body weight on her left 
outstretehed hand. A distinetive eraeking noise was 
heard, and she felt a sudden pain in her left shonlder re- 
gion. On examination in the emergeney departmenk 
the smooth eontonr of her left shoulder was absent. The 
elaviele was obviously fraetnred, and the edges of the 
bony fragments eonld be palpated. 


7. The following statements eoneerning this ease are 
eorreet except which? 

A. The elaviele is one of the most eommon bones in 
the body to be fraetnred. 

B. Anatomieally, the weakest part of the elaviele is the 
junction of the medial and middle thirds, and this is 
where the fraetnre eommonly occurs. 

e. The lateral bony fragment is depressed downward by 
the weight of the arm. 

D. The lateral fragment is pulled forward and medially 
by the peetoral mnseles. 

E. The medial fragment is elevated by the sternoelei- 
domastoid mnsele. 

E. The supraclavicular nerves or a eommnnieating 
vein between the eephalie and internal jugular vein 
may be damaged by the bone fragments. 

A 22-year-old medieal student fell off her bieyele onto 
her outstretched hand. She thonght she had sprained 
her right wrist joint and treated herself by binding her 
wrist with an elastie bandage. Three weeks later, how- 
ever^ she was still experiencing pain on moving her 
wrist and so deeided to visit the emergeney department. 
On examination of the dorsal surfaces of both hands, 
with the fingers and thnmbs hilly extended, a loealized 
tenderness could be felt in the anatomie snuffbox of her 
right hand. A diagnosis of fraetnre of the right seaphoid 
bone was made. 

8. The following statements eoneerning this patient are 
eorreet except which? 

A. The fraetnre line on the seaphoid bone may deprive 
the proximal fragment of its arterial supply. 

B. A bony fragment deprived of its blood supply may 
nndergo isehemie neerosis. 

e. Because the seaphoid bone articulates with other 
bones, the fraetnre line may enter a joint eavity and 
beeome bathed in synovial fluid, which would in- 
hibit repair. 

D. The seaphoid bone is an easy bone to immobilize 
because of its small size. 

E. Eraetnres of the seaphoid bone have a high ineidenee 
of nonnnion. 

A heavily bnilh middle-aged man rnnning down a flight 
of stone steps misjudged the position of one of the steps 
and fell suddenly onto his buttocks. Eollowing the fall, 
he eomplained of severe brnising of the area of the eleft 
between the buttocks and persistent pain in this area. 

9. The following statements eoneerning this patient are 
eorreet except which? 

A. The lower end of the vertebral eolnmn was trauma- 
tized by the stone step. 

B. The coccyx ean be palpated beneath the skin in the 
natal eleft. 
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C. The anterior snrfaee of the eoeeyx eannot be felt 
elinieally. 

D. The eoeeyx is nsnally severely brnised or fraetnred. 

E. The pain is felt in the distribntion of dermatomes S4 

and S5. 

An elderly woman was rnn over by an antomobile as she 
was erossing the road. Radiographie examination of the 
pelvis in the emergeney department of the loeal hospi- 
tal revealed a fraetnre of the ilinm and iliae erest on the 
left side. 

10. The following statements abont fraetnres of the pelvis 
are eorreet except which? 

A. Fraetnres of the ilinm have little displaeement. 

B. Displaeement is prevented by the presenee of the il- 
iaens and the glnteal mnseles on the inner and onter 
snrfaees of this bone, respeetively. 

C. If two fraetnres oeenr in the ring forming the trne 
pelvis, the fraetnre will be nnstable and displaee- 
ment will oeenr. 

D. Fraetnres of the trne pelvis do not eanse injnry to the 
pelvie viseera. 

E. The postvertebral and abdominal mnseles are re- 
sponsible for elevating the lateral part of the pelvis 
shonld two fraetnres oeenr. 

F. A heavy fall on the greater troehanter of the femnr 
may drive the head of the femnr throngh the floor of 
the aeetabnlnm and into the pelvie eavity. 

A pregnant woman visited an antenatal elinie. A vaginal 
examination revealed that the saeral promontory eonld 
be easily palpated and that the diagonal eonjngate 
measnred less than 4 in. (10 cm). 

11. The following statements eoneerning this examination 
are eorreet except which? 

A. Normally it is diffienlt or impossible to feel the 
saeral promontory by means of a vaginal examina- 
tion. 

B. The normal diagonal eonjngate measnres abont 10 

in. (25 cm). 

C. This patienhs pelvis was flattened anteroposteriorly, 
and the saeral promontory projeeted too far forward. 

D. It is likely that this patient would have an obstrneted 
labor. 

E. This patient was advised to have a eesarean seetion. 

On a rontine anteroposterior radiographie examination 
of a patienhs right hip joint, the long axis of the neek of 
the femnr was fonnd to be at an angle of 160° with the 
long axis of the femoral shaft. 

12. Is this angle normal in a 5-year-old ehild? In a 35-year- 
old man? What is the elinieal eondition ealled in which 
the angle is smaller than normal? Which movement of 
the hip joint is limited by this eondition? 


13. Fraetnre of the neek of the femnr in the adnlt eom- 
monly resnlts in avasenlar neerosis of part of the 
femoral head. Can yon explain this on anatomie 
gronnds? Troehanterie fraetnres are never aeeompa- 
nied by avasenlar neerosis. Why? 

A 37-year-old woman was involved in a light plane 
aeeident. She and her hnsband were flying home from 
a bnsiness trip when they had to make a foreed land- 
ing in a field dne to fog. On landing, the plane hit 
a tree and eame to rest on its nose. Her hnsband 
was killed on impaet and she was thrown from the 
eoekpit. She was evalnated in the emergeney depart- 
ment with mnltiple injnries. Radiographie examina- 
tion of her pelvis showed a fraetnre of her left ilinm 
and iliae erest. 

14. From yonr knowledge of anatomy, would yon expect 
mneh displaeement of the bony fragments? 

A 25-year-old man was rnnning aeross a field when 
he eanght his right foot in a rabbit hole. As he fell, 
the right foot was violently rotated laterally and 
overeverted. On attempting to stand, he eonld plaee 
no weight on his right foot. On examination by a 
physieian, the right ankle was eonsiderably swollen, 
espeeially on the lateral side. After fnrther exami- 
nation, inelnding a radiograph of the ankle, a diag- 
nosis of severe fraetnre disloeation of the ankle joint 
was made. 

15. The following statements eoneerning this patient are 
eorreet except which? 

A. This type of fraetnre disloeation is eansed by foreed 
external rotation and overeversion of the foot. 

B. The talns is externally rotated against the lateral 
malleolns of the fibnla, eansing it to fraetnre. 

C. The torsion effeet on the lateral malleolns prodnees 
a spiral fraetnre. 

D. The medial ligament of the ankle joint is strong and 
never rnptnres. 

E. If the talns is foreed to move farther laterally and 
eontinnes to rotate, the posterior inferior margin of 
the tibia will be sheared off. 

16. A 32-year-old woman was roek elimbing when she de- 
eided to jnmp from a ledge down to a flat roek some five 
feet below. On landing she maintained her balanee bnt 
experienced a severe pain in her right foot in the region 
of the heel. On examination later in the emergeney de- 
partment of the loeal hospital, the physieian's assistant 
noted the extreme tenderness felt over the sides and in- 
ferior snrfaee of the right ealeanenm. She also noted 
that the right ealeanenm appeared wider than the one 
on the left. Using yonr knowledge of anatomy, make the 
diagnosis. 
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1. A is the eorreet answer. In a 19-year-old boy, the bone 
marrow at the lower end of the tibia is yellow. 

2. e is the eorreet answer. The genioglossns mnsele arises 
from the snperior mental spines behind the symphysis 
menti of the mandible (see text Fig. 11-10). 

3. B is the eorreet answer. The hematoma was loeated 
deep to the periostenm of the oeeipital bone. 

4. E is the eorreet answer. The eareinoma of the left breast 
was in an advaneed stage and had spread by way of the 
lymph vessels to the axillary lymph nodes and by the 
bloodstream to the bodies of the seeond and third Inm- 
bar vertebrae. Gareinoma of the thyroid, bronehns, 
breash kidney, and prostate tend to metastasize via the 
bloodstream to bones. 

5. e is the eorreet answer. The ehest wall of a ehild is very 
elastie, and fraetnres of ribs in ehildren are rare. 

6. e is the eorreet answer. Tranma to the lower part of the 
woman's left ehest eonld easily severely damage the 
spleen in the abdomen^ resnlting in hemorrhage into 
the peritoneal eavity. 

7. B is the eorreet answer. Anatomieally, the weakest part of 
the elaviele is the jnnetion ofthe middle and lateral thirds, 
and that is where the fraetnre oeenrred in this patient. 

8. D is the eorreet answer. The seaphoid bone is a diffienlt 
bone to immobilize beeanse of its position and small 
size. 

9. e is the eorreet answer. The anterior snrfaee of the eoe- 
eyx ean be palpated with a gloved finger plaeed in the 
anal eanal. 

10. D is the eorreet answer. Fraetnres of the trne pelvis are 
eommonly assoeiated with injnries to the soft pelvie vis- 
eera, espeeially the bladder and the nrethra. 

11. B is the eorreet answer. The normal diagonal eonjngate 
measnres abont 5 in. (11.5 em) (see CD Fig. 11-6). 


12. This angle is within normal limits in a 5-year-old ehild. 
It is too great in a 35-year-old man; the eondition is 
ealled eoxa valga, in whieh addnetion of the hip joint is 
limited. When the angle of the femoral neek is smaller 
than normal (eoxa vara), abdnetion of the hip joint is 
limited. 

13. Fraetnres of the neek of the femnr in the adnlt eom- 
monly resnlt in avasenlar neerosis of part of the femoral 
head. The femoral head reeeives its blood snpply from 
two sonrees —a small artery, a braneh of the obtnrator 
artery, that rnns with the ronnd ligament of the femoral 
head and a profnse blood snpply from the medial 
femoral eireumflex femoral artery^ branehes that as- 
eend the femoral neek beneath the synovial membrane. 
Fraetnre of the femoral neek may deprive the femoral 
head of part or all of the blood from the medial femoral 
eireumflex femoral artery, and avasenlar neerosis will 
oeenr. In troehanterie fraetnres, both fragments have a 
profnse blood snpply. 

14. Most fraetnres of the npper part of the ilinm have little 
displaeement of the bone fragments. This is beeanse 
the iliaens mnsele is attaehed to the inner snrfaee and 
the glnteal mnseles are attaehed to the onter snrfaee 
(see text Fig. 11-54). Splinting the bones is nnneeessary 
beeanse of the attaehment of these mnseles. 

15. D is the eorreet answer. Althongh the medial ligament 
of the ankle joint is strong^ extreme foree ean resnlt in 
rnptnre of the ligamenF or the ligament ean be torn 
from the medial malleolns^ or the pnll on the ligament 
ean fraetnre the medial malleolns. 

16. This woman had snffered a eompression fraetnre 
of the right ealeanenm as a resnlt of the fall from a 
height. The weight of the body drives the talns down- 
ward into the ealeanenm, ernshing it in sneh a way that 
it loses vertieal height and beeomes wider laterally. The 
diagnosis was eonfirmed on an anteroposterior and a 
lateral radiograph of the right ankle. 
















'mT T ehapter Dutline 


General eiinìeal Features Concerning 
Joints 169 

Examìnatìon of Joìnts 169 

Dìsloeatìon of Joìnts 169 

Presenee of Cartìlagìnous Dìses wìthìn Joìnts 169 

Loss of Joìnt Innervatìon 169 

Value of Joìnt eiassìfìeatìon 169 

Joìnt Paìn and Joìnt Innervatìon 169 

Temporomandibular Joint 169 

eiìnìeal Signìfìeanee of the Temporomandibular 

Joint 169 

Disloeation of the Temporomandibular Joint 169 

Joints of the Vertebral Column 170 

Abnormal Curves of the Vertebral Column 170 

Disloeations of the Vertebral Column 170 

Fractures of the Vertebral Column 170 

Fractures of the Spinous Proeesses, 

Transverse Proeesses, or Laminae 170 

Anterior and Lateral Gompression Fractures 170 
Fracture Disloeations 170 

Vertieal Gompression Fractures 170 

Fractures of the Odontoid Proeess of the Axis 172 
Fractures of the Pedieles of the Axis 
(Hangman's Fracture) 172 

Spondylolisthesis 172 

Joìnts of the Llpper Limb 172 

Sternoclavicular Joint 172 

Sternoclavicular Joint lnjuries 172 

Acromioclavicular Joint 172 

Acromioclavicular Joint lnjuries 172 

Acromioclavicular Joint Disloeation 172 

Shoulder Joint 173 

Stability of the Shoulder Joint 173 

Disloeations of the Shoulder Joint 173 

Anterior-lnferior Disloeations 173 

Posterior Disloeations 173 

Shoulder Pain 173 

ElbowJoint 173 

Stability of the Elbow Joint 173 

Disloeations of the Elbow Joint 173 

Arthroeentesis of the Elbow Joint 173 

Damage to the Lllnar Nerve with Elbow Joint 
lnjuries 173 

Radiology of the Elbow Region after lnjury 174 


Radioulnar Joint 174 

Radioulnar Joint Disease 174 

Wrist Joint 174 

Wrist Joint lnjuries 174 

Falls on the Outstretched Hand 174 

Joints of the Pelvis 174 

ehanges in the Pelvie Joints with Pregnaney 174 

ehanges in the Pelvie Joints with Age 174 

Saeroiliae Joint Disease 175 

Joints of the Lower Limb 175 

Hip Joint 175 

Referred Pain from the Hip Joint 175 

Gongenital Disloeation of the Hip 175 

Traumatic Disloeation of the Hip 175 

Hip Joint Stability and Trendelenburg's Sign 175 
Arthritis of the Hip Joint 175 

Knee Joint 175 

Strength of the Knee Joint 175 

Knee lnjury and the Synovial Membrane 176 

Ligamentous lnjury of the Knee Joint 176 

Medial Collateral Ligament 176 

Lateral Gollateral Ligament 176 

Cruciate Ligaments 176 

Meniseal lnjury of the Knee Joint 178 

Pneumoarthrography of the Knee Joint 178 

Arthroseopy of the Knee Joint 179 

Ankle Joint 179 

Ankle Joint Stability 179 

Acute Sprains of the "Lateral Ankle" 179 

Acute Sprains of the "Medial Ankle" 179 

Fracture Disloeations of the Ankle Joint 179 

Joints of the Foot 179 

Metatarsophalangeal Joint of the Big Toe 179 

eiinieal Examination of the Arehes of the Foot 179 
The "Stone Bridge" Meehanisms for Areh 
Support 179 

Maintenanee of the Medial Longitudinal Areh 181 
Maintenanee of the Lateral Longitudinal Areh 181 
Maintenanee of the Transverse Areh 181 

Physiologie Note: Muscle Tone and the 
Arehes of the Foot 181 

eiinieal Problems Assoeiated with the Arehes 
oftheFoot 181 

eiinieal Problem Solving Questions 182 

Answers and Explanations 185 
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such as the ankle, elbow, or wrist, whereas tuberculous 
arthritis also affeets synovial joints and may start in the syn- 
ovial membrane or in the bone. 

Joint Pain and Jnint Innervatinn 

Remember that more than one joint may reeeive the same 
nerve siipply. For example, the hip and knee joints are 
both siipplied by the obtiirator nerve. Thns, a patient with 
disease limited to one of these joints may experience pain 
in both. 


When examining a patienk the elinieian shoiild assess the 
normal range of movement of all joints. When the bones 
of a joint are no longer in their normal anatomie relation- 
ship with one another, then the joint is said to be 

disloeated. 



Dislaeatian di Joints 

Some joints are partieiilarly snseeptible to disloeation be- 
eaiise of laek of siipport by ligaments, the poor shape of the 
artieiilar siirfaees, or the absenee of adequate muscular sup- 
port. The shonlder joint, temporomandibnlar joint, and 
acromioclavicular joints are good examples. Disloeation of 
the hip is usually eongenital, being caused by inadequate 
development of the soeket that normally holds the head of 
the femnr firmly in position. 

Presenee of CarlilaginDU3 Dises 

within Joints 


eiinieal Signifieanee of the 
Temporomandihnlar Joint 

The temporomandibular joint lies immediately in front of 
the external auditory meatns. The great strength of the lat- 
eral temporomandibnlar ligament prevents the head of the 
mandible from passing backward and fraetnring the tym- 
panie plate when a severe blow falls on the ehin. 

The artienlar dise of the temporomandibular joint may 
beeome partially detaehed from the capsule, and this results 
in its movement beeoming noisy and producing an audible 
eliek dnring movements at the joint. 


The presenee of eartilaginons dises within joints, espeeially 
weightbearing joints, as in the ease of the knee, makes 
them partienlarly snseeptible to injnry in sports. Dnring a 
rapid movement the dise loses its normal relationship to 
the bones and beeomes ernshed between the weightbear- 
ing snrfaees. 

Loss of Joint Innervation 

In eertain diseases of the nervons system (e.g., syringomyelia), 
the sensation of pain in a joint is lost. This means that the warn- 
ing sensations of pain felt when a joint moves beyond the nor- 
mal range of movement are not experienced. This phenome- 
non resnlts in the destrnetion of the joint. 

Valoe of Joint dassifieation 

Knowledge of the elassifieation of joints is of great valne be- 
cause, for example, eertain diseases affeet only eertain types 
of joints. Gonoeoeeal arthritis affeets large synovial joints 


Disloeation of the 
Temporoniandihnlar Joint 

Disloeation sometimes occurs when the mandible is de- 
pressed. In this movement, the head of the mandible and 
the articular dise both move forward until they reaeh the 
summit of the artienlar tnberele. In this position, the 
joint is unstable, and a minor blow on the ehin or a sud- 
den eontraetion of the lateral pterygoid mnseles, as in 
yawning, may be snffieient to pnll the dise forward be- 
yond the summit. In bilateral eases the month is fixed in 
an open position, and both heads of the mandible lie in 
front of the artienlar tnbereles. Reduction of the disloea- 
tion is easily aehieved by pressing the gloved thnmbs 
downward on the lower molar teeth and pushing the jaw 
backward. The downward pressure overeomes the tension 
of the temporalis and masseter mnseles, and the baek- 
ward pressnre overeomes the spasm of the lateral ptery- 
goid mnseles. 
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JDINTS DF THE 
VERTEBRAL 
EDLHMN 

AbnGrmal Curves nf the Verlebral 

eolamn 

Kyphosis is an exaggeration in the sagittal enrvatnre pre- 
sent in the thoraeie part of the vertebral eolnmn. It ean be 
eansed by mnsenlar weakness, by strnetnral ehanges in the 
vertebral bodies, or by intervertebral dises. In siekly adoles- 
eents, for example, where the mnsele tone is poor, long 
honrs of stndy or work over a low desk ean lead to a gently 
enrved kyphosis of the npper thoraeie region. The person 
is said to be “ronnd-shonldered.” Crush fraetnres or tnber- 
enlons destrnetion of the vertebral bodies leads to aente an- 
gnlar kyphosis of the vertebral eolnmn. In the aged, osteo- 
porosis (abnormal rarefaetion of bone) and/or degenera- 
tion of the intervertebral dises leads to senile kyphosis, 
involving the eervieal, thoraeie, and Inmbar regions of the 
eolnmn. 

Lordosis is an exaggeration in the sagittal enrvatnre pre- 
sent in the Inmbar region. Lordosis may be eansed by an in- 
erease in the weight of the abdominal eontents, as with the 
gravid nterns or a large ovarian tnmor, or it may be eansed 
by disease of the vertebral eolnmn sneh as spondylolisthesis. 
The possibility that it is a postnral eompensation for a kypho- 
sis in the thoraeie region or a disease of the hip joint (eon- 
genital disloeation) mnst not be overlooked. 

Seoliosis is a lateral deviation of the vertebral eolnmn. 
This is most eommonly fonnd in the thoraeie region and 
may be eansed by mnsenlar or vertebral defeets. Paralysis of 
mnseles eansed by poliomyelitis ean eanse severe seoliosis. 
The presenee of a eongenital hemivertebra ean eanse seol- 
iosis. Often seoliosis is eompensatory and may be eansed by 
a short leg or hip disease. 

Dislnealinns nf Ihe VErlebral 
enlnmn 

Disloeations without fraetnre oeenr only in the eervieal re- 
gion beeanse the inelination of the artienlar proeesses of the 
eervieal vertebrae permits disloeation to take plaee without 
fraetnre of the proeesses. In the thoraeie and Inmbar re- 
gions, disloeations ean oeenr only if the vertieally plaeed ar- 
tienlar proeesses are fraetnred. 

Disloeations eommonly oeenr between the fonrth and 
fifth or fifth and sixth eervieal vertebrae^ where mobility is 



greatest. In nnilateral disloeations the inferior artienlar proeess 
of one vertebra is foreed forward over the anterior margin of 
the snperior artienlar proeess of the vertebra below. Beeanse 
the artienlar proeesses normally overlap, they beeome loeked 
in the disloeated position. The spinal nerve on the same side 
is nsnally nipped in the intervertebral foramen, prodneing se- 
vere pain. Fortnnately, the large size of the vertebral eanal al- 
lows the spinal eord to eseape damage in most eases. 

Bilateral eervieal disloeations are almost always assoei- 
ated with severe injnry to the spinal eord. Death oeenrs im- 
mediately if the npper eervieal vertebrae are involved be- 
eanse the respiratory mnseles, inelnding the diaphragm 
(phrenie nerves C3 to C5), are paralyzed. 

Fraelnres nf thE VBrtBbral Cnlumn 

Fractures of the Spinous Proeesses, 
Transverse Proeesses, or Laminae 

Fraetnres of the spinons proeesses, transverse proeesses, or 
laminae are eansed by direet injnry or, in rare eases, by se- 
vere mnsenlar aetivity. 

Anterior and Lateral Gompression 
Fractures 

Anterior eompression fraetnres of the vertebral bodies are 
nsnally eansed by an exeessive flexion eompression type of 
injnry and take plaee at the sites of maximum mobility or at 
the jnnetion of the mobile and fixed regions of the eolnmn. 
It is interesting to note that the body of a vertebra in sneh a 
fraetnre is ernshed, whereas the strong posterior longitndi- 
nal ligament remains intaet. The vertebral arehes remain 
nnbroken and the intervertebral ligaments remain intaet so 
that vertebral displaeement and spinal eord injnry do not 
oeenr. When injnry eanses exeessive lateral flexion in ad- 
dition to exeessive flexion, the lateral part of the body is also 
ernshed. 

Fracture Disloeations 

Fraetnre disloeations are nsnally eansed by a eombination of 
a flexion and rotation type of injnry; the npper vertebra is ex- 
eessively flexed and twisted on the lower vertebra. Here 
again, the site is nsnally where maximum mobility oeenrs, 
as in the Inmbar region, or at the jnnetion of the mobile and 
fixed region of the eolnmn^ as in the lower Inmbar verte- 
brae. Beeanse the artienlar proeesses are fraetnred and the 
ligaments are torn, the vertebrae involved are nnstable, and 
the spinal eord is nsnally severely damaged or severed, with 
aeeompanying paraplegia. 

Vertieal Compression Fractures 

Vertieal eompression fraetnres oeenr in the eervieal and 
Inmbar regions, where it is possible to fnlly straighten the 
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CD Fìgure 12-1 Disloeations and fraetores of the vertebral eolonnn. A. Llnilateral disloea- 
tion of the fifth or the sixth eervieal vertebra. Note the forvvard displaeennent of the inferior 
artieolar proeess over the soperior artieolar proeess of the vertebra belovv. B. Bilateral dis- 
loeation of the fifth on the sixth eervieal vertebra. Note that 50% of the vertebral body 
vvidth has moved forvvard on the vertebra belovv. C. Flexion eompression-type fraetore of 
the vertebral body in the lumbar region. D. Jefferson's-type fracture of the atlas. E. Frae- 
tures of the odontoid proeess and the pedieles (hangman's fracture) of the axis. 
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vertebral eolumn (CD Fig. 12-1). In the eervieal region^ 
with the neek straight, an exeessive vertieal foree applied 
from above will eanse the ring of the atlas to be disrnpted 
and the lateral masses to be displaeed laterally (Jefferson's 
fraetnre). If the neek is slightly flexed, the lower eervieal ver- 
tebrae remain in a straight line and the eompression load is 
transmitted to the lower vertebrae, eansing disrnption of the 
intervertebral dise and breaknp of the vertebral body. Pieees 
of the vertebral body are eommonly foreed baek into the 
spinal eord. 

It is possible for nontranmatie eompression fraetnres to 
oeenr in severe eases of osteoporosis and for pathologie frae- 
tnres to take plaee. 

In the straightened Inmbar region, an exeessive foree 
from below ean eanse the vertebral body to break up, with 
protrusion of fragments posteriorly into the spinal eanal. 

Fractures of the Odontoid Proeess of 
the Axìs 

Fraetnres of the odontoid proeess are relatively eommon 
and resnlt from falls or blows on the head (see CD Fig. 12- 
1). Exeessive mobility of the odontoid fragment or rupture 
of the transverse ligament ean resnlt in eompression injnry 
to the spinal eord. 

Fracture of the Pedieles of the Axis 
(Hangman's Fracture) 

Severe extension injnry of the neek^ sueh as might oeeur in 
an antomobile aeeident or a fall, is the usual eause of hang- 
man's fraetnre. Sndden overextension of the neek, as pro- 
dueed by the knot of a hangman's rope beneath the ehin, is 
the reason for the eommon name. Beeanse the vertebral 
eanal is enlarged by the forward displaeement of the verte- 
bral body of the axis, the spinal eord is rarely eompressed (see 

CDFig. 12-1). 

SpondylGlisthesis 

In spondylolisthesis, the body of a lower Inmbar vertebra, 
nsnally the fifth, moves forward on the body of the vertebra 
below and earries with it the whole of the upper portion of 
the vertebral eolnmn. The essential defeet is in the pedieles 
of the migrating vertebra. It is now generally believed thah in 
this eondition, the pedieles are abnormally formed and 
aeeessory eenters of ossifieation are present and fail to unite. 
The spine, laminae, and inferior artienlar proeesses remain 
in position, whereas the remainder of the vertebra, having 
lost the restraining inflnenee of the inferior artienlar 
proeesses, slips forward. Beeanse the laminae are left behind, 
the vertebral eanal is not narrowed, but the nerve roots may 
be pressed on, eansing low baekaehe and seiatiea. In severe 
eases the trunk beeomes shortened, and the lower ribs eon- 
taet the iliae erest. 



StErnDdavicular JDÌnt 

Stemoclavicular Joint lnjuries 

The strong eostoelavienlar ligament firmly holds the medial 
end of the elaviele to the first eostal eartilage. Violent forees 
direeted along the long axis of the elaviele usually result in 
fraetnre of that bone, but disloeation of the sternoelavienlar 
joint takes plaee oeeasionally. 

Anterior disloeation resnlts in the medial end of 
the elaviele projeeting forward beneath the skin; it 
may also be pnlled upward by the sternoeleidomastoid 
mnsele. 

Posterior disloeation usually follows direet trauma ap- 
plied to the front of the joint that drives the elaviele baek- 
ward. This type is the more serions beeanse the displaeed 
elaviele may press on the traehea, esophagns, and major 
blood vessels in the root of the neek. 

If the eostoelavienlar ligament ruptures eompletely, it is 
diffieult to maintain the normal position of the elaviele onee 
rednetion has been aeeomplished. 

AcrDinÌDdavicular JdìdI 

Acromioclavicular Joint lnjuries 

The plane of the artienlar snrfaees of the aeromioelavienlar 
joint passes downward and medially so that there is a ten- 
deney for the lateral end of the elaviele to ride up over the 
upper surfaee of the aeromion. The strength of the joint de- 
pends on the strong eoraeoelavienlar ligament, whieh binds 
the eoraeoid proeess to the undersurfaee of the lateral part 
of the elaviele. The greater part of the weight of the upper 
limb is transmitted to the elaviele throngh this ligamenF 
and rotary movements of the seapnla oeeur at this important 
ligament. 


Aeromioelavieylar Joint Disloeation 

A severe blow on the point of the shonlder, as is inenrred 
dnring bloeking or taekling in football or any severe fall, 
ean resnlt in the aeromion being thrnst beneath the lateral 
end of the elaviele, tearing the eoraeoelavienlar ligament. 
This eondition is known as shoulder separation. The dis- 
plaeed outer end of the elaviele is easily palpable. As in the 
ease of the sternoelavienlar joint, the disloeation is easily 
redneed, but withdrawal of support results in immediate re- 
disloeation. 
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ShDulder Joint 

Stability of the Shoolder Joint 

The shallowness of the glenoid fossa of the seapnla and the 
laek of snpport provided by weak ligaments make this joint 
an nnstable strnetnre. Its strength almost entirely depends 
on the tone of the short mnseles that bind the npper end of 
the hnmerns to the seapnla —namely, the snbseapnlaris in 
fronh the snpraspinatns above, and the infraspinatns and 
teres minor behind. The tendons of these mnseles are fnsed 
to the nnderlying eapsnle of the shonlder joint. Together, 
these tendons form the rotator enff. 

The least snpported part of the joint lies in the inferior 
loeation, where it is nnproteeted by mnseles. 

Disloeations of the Shoulder Joint 

The shonlder joint is the most eommonly disloeated large 
joint. 

Anterior-lnferior Disloeations 

Sndden violenee applied to the hnmerns with the joint fnlly 
abdneted tilts the hnmeral head downward onto the inferior 
weak part of the eapsnle, whieh tears, and the hnmeral head 
eomes to lie inferior to the glenoid fossa. Dnring this move- 
menh the aeromion has aeted as a fnlernm. The strong flex- 
ors and addnetors of the shonlder joint now nsnally pnll the 
hnmeral head forward and upward into the snbeoraeoid po- 
sition. 

Posterior Disloeations 

Posterior disloeations are rare and are nsnally eansed by 
direet violenee to the front of the joint. 

On inspeetion of the patient with shonlder disloea- 
tion, the ronnded appearanee of the shonlder is seen to be 
lost beeanse the greater tnberosity of the hnmerns is no 
longer bnlging laterally beneath the deltoid mnsele. A snb- 
glenoid displaeement of the head of the hnmerns into the 
quadrangular spaee ean eanse damage to the axillary 
nerve, as indieated by paralysis of the deltoid mnsele and 
loss of skin sensation over the lower half of the deltoid. 
Downward displaeement of the hnmerns ean also streteh 
and damage the radial nerve. 

Shoulder Paìn 

The synovial membrane, eapsnle, and ligaments of the 
shonlder joint are innervated by the axillary nerve and the 
snpraseapnlar nerve. The joint is sensitive to pain, pressnre, 
exeessive traetion, and distension. The mnseles snrronnding 
the joint nndergo reflex spasm in response to pain originat- 
ing in the joinp whieh in tnrn serves to immobilize the joint 
and thns rednee the pain. 


Injnry to the shonlder joint is followed by pain, limita- 
tion of movemenh and mnsele atrophy owing to disnse. It is 
important to appreeiate that pain in the shonlder region ean 
be eansed by disease elsewhere and that the shonlder joint 
may be normal; for example, diseases of the spinal eord and 
vertebral eolnmn and the pressnre of a eervieal rib ean eanse 
shonlder pain. Irritation of the diaphragmatie plenra or peri- 
tonenm ean prodnee referred pain via the phrenie and 
snpraelavienlar nerves. 

Elhow Joint 

Stability of the Elbow Joint 

The elbow joint is stable beeanse of the wreneh-shaped ar- 
tienlar snrfaee of the oleeranon and the pnlley-shaped 
troehlea of the hnmerns; it also has strong medial and lateral 
ligaments. When examining the elbow joinh the physieian 
mnst remember the normal relations of the bony points. In 
extension, the medial and lateral epieondyles and the top of 
the oleeranon proeess are in a straight line; in flexion^ the 
bony points form the bonndaries of an equilateral triangle. 

Disloeations of the Elbow Joint 

Elbow disloeations are eommon, and most are posterior. Pos- 
terior disloeation nsnally follows falling on the ontstretehed 
hand. Posterior disloeations of the joint are eommon in ehil- 
dren beeanse the parts of the bones that stabilize the joint are 
ineompletely developed. Avnlsion of the epiphysis of the me- 
dial epieondyle is also eommon in ehildhood beeanse then 
the medial ligament is mneh stronger than the bond of nnion 
between the epiphysis and the diaphysis. 

Arthroeentesìs of the Elbow Joint 

The anterior and posterior walls of the eapsnle are weak, and 
when the joint is distended with flnid, the posterior aspeet of 
the joint beeomes swollen. Aspiration of joint flnid ean eas- 
ily be performed throngh the baek of the joint on either side 
of the oleeranon proeess. 

Damage to the Ulnar Nerve with 
Elbow Joint lnjuries 

The elose relationship of the nlnar nerve to the medial side 
of the joint often resnlts in its beeoming damaged in dislo- 
eations of the joint or in fraetnre disloeations in this re- 
gion. The nerve lesion ean oeenr at the time of injnry or 
weeks, months, or years later. The nerve ean be involved in 
sear tissne formation or ean beeome stretehed owing to lat- 
eral deviation of the forearm in a badly redneed snpra- 
eondylar fraetnre of the hnmerns. Dnring movements of 
the elbow joinp the eontinned frietion between the medial 
epieondyle and the stretehed nlnar nerve eventnally resnlts 
in nlnar palsy. 
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Radiology of the Elbow Region after 
lnjury 

In examining lateral radiographs of the elbow region, it is 
important to remember that the lower end of the hnmerns 
is normally angnlated forward 45° on the shaft; when exam- 
ining a patient, the physieian shonld see that the medial epi- 
eondyle, in the anatomie position, is direeted medially and 
posteriorly and faees in the same direetion as the head of the 
hnmerns. 

Radioulnar Joint 

Radioulnar Joint Disease 

The proximal radionlnar joint eommnnieates with the el- 
bow joint, whereas the distal radionlnar joint does not eom- 
mnnieate with the wrist joint. In praetieal terms, this means 
that infeetion of the elbow joint invariably involves the prox- 
imal radionlnar joint. The strength of the proximal radionl- 
nar joint depends on the integrity of the strong annlar liga- 
ment. Rnptnre of this ligament oeenrs in eases of anterior 
disloeation of the head of the radins on the eapitnlnm of the 
hnmerns. In yonng ehildren, in whom the head of the ra- 
dins is still small and nndeveloped, a sndden jerk on the arm 
ean pnll the radial head down throngh the annlar ligament. 

Wrist Joint 

Wrist Joint lnjuries 

The wrist joint is essentially a synovial joint between the dis- 
tal end of the radins and the proximal row of earpal bones. 
The head of the nlna is separated from the earpal bones by 
the strong triangnlar fibroeartilaginons ligamenk whieh sep- 
arates the wrist joint from the distal radionlnar joint. The 
joint is stabilized by the strong medial and lateral ligaments. 

Beeanse the styloid proeess of the radins is longer than 
that of the nlna, abdnetion of the wrist joint is less extensive 
than addnetion. In flexion-extension movements, the hand 
ean be flexed abont 80° bnt extended to only abont 45°. The 
range of flexion is inereased by movement at the midearpal 
joint. 

A fall on the ontstretehed hand ean strain the anterior lig- 
ament of the wrist joint, prodneing synovial effnsion, joint 
pain, and limitation of movement. These symptoms and signs 
mnst not be eonfnsed with those prodneed by a fraetnred 
seaphoid or disloeation of the Innate bone, whieh are similar. 

Falls on the Outstretched Hand 

In falls on the ontstretehed hand, forees are transmitted 
from the seaphoid to the distal end of the radins, from the 
radins aeross the interosseons membrane to the nlna, and 
from the nlna to the hnmerns; thenee, throngh the glenoid 
fossa of the seapnla to the eoraeoelavienlar ligament and 




CD Figure 12-2 Fractures of the distal end of the radius. 
A. Golles' fracture. B. Smith's fracture. 


the elaviele, and finally, to the sternnm. If the forees are ex- 
eessive, different parts of the npper limb give way nnder 
the strain. The area affeeted seems to be related to age. In 
a yonng ehild, for example, there may be a posterior dis- 
plaeement of the distal radial epiphysis; in the teenager the 
elaviele might fraetnre; in the yonng adnlt the seaphoid is 
eommonly fraetnred; and in the elderly the distal end of 
the radins is fraetnred abont 1 in. (2.5 em) proximal to the 
wrist joint (Golles' fraetnre) (CD Fig. 12-2). 



Lhanges in the Pelvie Joints with 
Pregnaney 

Dnring pregnaney, the symphysis pnbis and the ligaments 
of the saeroiliae and saeroeoeeygeal joints nndergo soften- 
ing in response to hormones^ thns inereasing the mobility 
and inereasing the potential size of the pelvis dnring ehild- 
birth. The hormones responsible are estrogen and proges- 
terone prodneed by the ovary and the plaeenta. An addi- 
tional hormone, ealled relaxin, prodneed by these organs 
ean also have a relaxing effeet on the pelvie ligaments. 

ehanges in the Pelvie Joints with 
Age 

Obliteration of the eavity in the saeroiliae joint oeenrs in 
both sexes after middle age. 
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SaerDÌliae Joint Disease 

The saeroiliae joint is innervated by the lower Inmbar and 
saeral nerves so that disease in the joint ean prodnee low baek 
pain and pain referred along the seiatie nerve (seiatiea). 

The saeroiliae joint is inaeeessible to elinieal examina- 
tion. However, a small area loeated jnst medial to and below 
the posterior snperior iliae spine is where the joint eomes 
elosest to the snrfaee. In disease of the Inmbosaeral region, 
movements of the vertebral eolnmn in any direetion eanse 
pain in the Inmbosaeral part of the eolnmn. In saeroiliae 
disease, pain is extreme on rotation of the vertebral eolnmn 
and is worst at the end of forward flexion. The latter move- 
ment eanses pain beeanse the hamstring mnseles hold the 
hip bones in position while the saernm is rotating forward as 
the vertebral eolnmn is flexed. 



Hip Joint 

Referred Paìn from the Hip Joìnt 

The femoral nerve not only snpplies the hip joint bnh via 
the intermediate and medial entaneons nerves of the thigh, 
also snpplies the skin of the front and medial side of the 
thigh. It is not snrprising^ therefore^ for pain originating in 
the hip joint to be referred to the front and medial side of the 
thigh. The posterior division of the obtnrator nerve snpplies 
both the hip and knee joints. This would explain why hip 
joint disease sometimes gives rise to pain in the knee joint. 

eongenital Dìsloeation of the Hip 

The stability of the hip joint depends on the ball-and-soeket 
arrangement of the artienlar snrfaees and the strong liga- 
ments. In eongenital disloeation of the hip, the npper lip of 
the aeetabnlnm fails to develop adequately, and the head of 
the femnr, having no stable platform nnder whieh it ean 
lodge, rides up ont of the aeetabnlnm onto the glnteal snr- 
faee of the ilinm. 

Traumatic Disloeation of the Hip 


Hip Joint Stability and Trendelen- 
burg's Sign 

The stability of the hip joint when a person stands on one leg 
with the foot of the opposite leg raised above the gronnd de- 
pends on three faetors: 

■ The glntens medins and minimns mnst be fnnetioning 
normally. 

■ The head of the femnr mnst be loeated normally within 
the aeetabnlnm. 

■ The neek of the femnr mnst be intaet and mnst have a 
normal angle with the shaft of the femnr. 

If any one of these faetors is defeetive, then the pelvis 
will sink downward on the opposite, nnsnpported side. The 
patient is then said to exhibit a positive Trendelenbnrg's 

sign (CD Fig. 12-3). 

Normally, when walking, a person alternately eontraets 
the glntens medins and minimns, first on one side and then 
on the other. By this means he or she is able to raise the 
pelvis first on one side and then on the other, allowing the 
leg to be flexed at the hip joint and moved forward —that is, 
the leg is raised elear of the gronnd before it is thrnst forward 
in taking the forward step. A patient with a right-sided eon- 
genital disloeation of the hip, when asked to stand on the 
right leg and raise the opposite leg elear of the gronnd, will 
exhibit a positive Trendelenbnrg's sign, and the nnsnp- 
ported side of the pelvis will sink below the horizontal. If the 
patient is asked to walk, he or she will show the eharaeteris- 
tie ''dipping” gait. In patients with bilateral eongenital dislo- 
eation of the hip, the gait is typieally 'Vaddling” in natnre. 

Arthritis of the Hip Joint 

A patient with an inflamed hip joint will plaee the femnr in 
the position that gives minimnm diseomfort—that is, the po- 
sition in whieh the joint eavity has the greatest eapaeity to 
eontain the inereased amonnt of synovial flnid seereted. The 
hip joint is partially flexed, abdneted, and externally rotated. 

Osteoarthritis, the most eommon disease of the hip 
joint in the adnlt, eanses pain, stiffness, and deformity. The 
pain may be in the hip joint itself or referred to the knee (the 
obtnrator nerve snpplies both joints). The stiffness is eansed 
by the pain and reflex spasm of the snrronnding mnseles. 
The deformity is flexion, addnetion, and external rotation 
and is prodneed initially by mnsele spasm and later by mns- 
ele eontraetnre. 


Tranmatie disloeation of the hip is rare beeanse of its 
strength; it is nsnally eansed by motor vehiele aeeidents. 
However, shonld it oeenr, it nsnally does so when the joint 
is flexed and addneted. The head of the femnr is displaeed 
posteriorly ont of the aeetabnlnm, and it eomes to rest on the 
glnteal snrfaee of the ilinm (posterior disloeation). The 
elose relation of the seiatie nerve to the posterior snrfaee of 
the joint makes it prone to injnry in posterior disloeations. 


hnEe Joint 

Strength of the Knee Joìnt 

The strength of the knee joint depends on the strength of the 
ligaments that bind the femnr to the tibia and on the tone of 
the mnseles aeting on the joint. The most important mnsele 
gronp is the quadrieeps femoris; provided that this is well 
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normal 


positive Trendelenburg's sign 


CD Fìgure 12-3 Trendelenburg's test. 


developed, it is eapable of stabilizing the knee in the pres- 
enee of torn ligaments. 

Knee lnjury and the Synovial 
Membrane 

The synovial membrane of the knee joint is extensive^ and if 
the artienlar snrfaees, menisei, or ligaments of the joint are 
damaged, the large synovial eavity beeomes distended with 
flnid. The wide eommnnieation between the snprapatellar 
bnrsa and the joint eavity resnlts in this strnetnre beeoming 
distended also. The swelling of the knee extends three or 
fonr fingerbreadths above the patella and laterally and me- 
dially beneath the aponenroses of insertion of the vastns lat- 
eralis and medialis, respeetively. 

Lìgamentous ln]ury of the Knee Joint 

Fonr ligaments—the medial eollateral ligamenh the lateral 
eollateral ligamenh the anterior erneiate ligamenh and the 
posterior erneiate ligament—are eommonly injnred in the 
knee. Sprains or tears oeenr depending on the degree of 
foree applied. 

Medial Collateral Ligament 

Foreed abdnetion of the tibia on the femnr ean resnlt in par- 
tial tearing of the medial eollateral ligament, whieh ean 


oeenr at its femoral or tibial attaehments. It is nsefnl to re- 
member that tears of the menisei resnlt in loealized tender- 
ness on the joint line, whereas sprains of the medial eollat- 
eral ligament resnlt in tenderness over the femoral or tibial 
attaehments of the ligament. 

Lateral Collateral Ligament 

Foreed addnetion of the tibia on the femnr ean resnlt in in- 
jnry to the lateral eollateral ligament (less eommon than 
medial ligament injnry). 

Cruciate Ligaments 

Injnry to the erneiate ligaments ean oeenr when exeessive 
foree is applied to the knee joint. Tears of the anterior ern- 
eiate ligament are eommon; tears of the posterior erneiate 
ligament are rare. The injnry is always aeeompanied by 
damage to other knee strnetnres; the eollateral ligaments 
are eommonly torn or the eapsnle may be damaged. The 
joint eavity quiekly fills with blood (hemarthrosis) so that 
the joint is swollen. Examination of patients with a rnp- 
tnred anterior erneiate ligament shows that the tibia ean be 
pnlled exeessively forward on the femnr; with rnptnre of 
the posterior erneiate ligamenh the tibia ean be made to 
move exeessively baekward on the femnr (CD Fig. 12-4). 
Beeanse the stability of the knee joint depends largely on 
the tone of the quadrieeps femoris mnsele and the integrity 
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CD Figure 12-4 A. Meehanisnn involved in damage to the medial meniseos of the knee 
joint from playing football. Note that the right knee joint is semiflexed and that medial ro- 
tation of the femur on the tibia occurs. The impaet causes foreed abduction of the tibia on 
the femur, and the medial meniscus is pulled into an abnormal position. The cartilaginous 
meniscus is then ground betvveen the femur and the tibia. B. Test for integrity of the ante- 
rior cruciate ligament. C. Test for integrity of the posterior cruciate ligament. 
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of the eollateral ligaments, operative repair of isolated torn being snbjeeted to a severe grinding foree, and it spbts 

erneiate bgaments is not always attempted. The knee is im- along its length (CD Fig. 12-5). When the torn part of the 

mobilized in slight flexion in a eash and aetive physiother- menisens beeomes wedged between the artienlar snrfaees, 

apy on the quadrieeps femoris mnsele is begnn at onee. fnrther movement is impossible, and the joint is said to 

Shonld, however, the eapsnle of the joint and the eollat- 
eral ligaments be torn in addition, early operative repair is 
essential. 


Meníseal lnjury of the Knee Joint 

Injnries of the menisei are eommon. The medial menisens 
is damaged mneh more frequently than the lateral, and 
this is probably beeanse of its strong attaehment to the me- 
dial eollateral ligament of the knee joint, whieh restriets its 
mobility. The injnry oeenrs when the femnr is rotated on 
the tibia, or the tibia is rotated on the femnr, with the knee 


"loek." 

Injnry to the lateral menisens is less eommon, proba- 
bly beeanse it is not attaehed to the lateral eollateral liga- 
ment of the knee joint and is eonsequently more mobile. 
The poplitens mnsele sends a few of its fibers into the lat- 
eral menisens, and these ean pnll the menisens into a 
more favorable position dnring sndden movements of the 
knee joint. 


Pneumoarthrography of the Knee 
Joint 


joint partially flexed and taking the weight of the body. Air ean be injeeted into the synovial eavity of the knee joint 
The tibia is nsnally abdneted on the femnr, and the medial so that soft tissnes ean be stndied. This teehnique is based on 

menisens is pnlled into an abnormal position between the the faet that air is less radiopaque than strnetnres sneh as the 

femoral and tibial eondyles (CD Fig. 12-4A). A sndden medial and lateral menisei, so their ontline ean be visnal- 

movement between the eondyles resnlts in the menisens ized on a radiograph (see text Fig. 12-43). 


medial meniscus 





CD Fìgure 12-5 Tears of the medial meniseos of the knee joint. A. Gomplete bucket han- 
dle tear. B. The meniscus is torn from its peripheral attaehment. C. Tear of the posterior 
portion of the meniscus. D. Tear of the anterior portion of the meniscus. 








































Joìnts 179 


Arthroseopy of the Knee Joint 

Arthroseopy involves the introdnetion of a lighted instrn- 
ment into the synovial eavity of the knee joint throngh a 
small ineision. This teehnique permits the direet visnaliza- 
tion of strnetnres, sneh as the erneiate ligaments and the 
menisei, for diagnostie pnrposes. 

Ankle Joint 

Ankle Joint Stabìlity 

The ankle joint is a hinge joint possessing great stability. 
The deep mortise formed by the lower end of the tibia and 
the medial and lateral malleoli seenrely holds the talns in 
position. 

Acute Sprains of the "Lateral Ankle" 

Aente sprains of the lateral ankle are nsnally eansed by ex- 
eessive inversion of the foot with plantar flexion of the ankle. 
The anterior talofibnlar ligament and the ealeaneofibnlar 
ligament are partially torn, giving rise to great pain and loeal 


Acute Sprains of the "Medial Ankle" 

Aente sprains of the medial ankle are similar to bnt less 
eommon than those of the lateral ankle. They may oeenr 
to the medial or deltoid ligament as a resnlt of exeessive 
eversion. The great strength of the medial ligament nsnally 
resnlts in the ligament pnlling off the tip of the medial 
malleolns. 

Fracture Disloeations of the Ankle 
Joint 

Fraetnre disloeations of the ankle are eommon and are 
eansed by foreed external rotation and overeversion of the 
foot. The talns is externally rotated foreibly against the lat- 
eral malleolns of the fibnla. The torsion effeet on the 
lateral malleolns eanses it to fraetnre spirally. If the foree 
eontinnes, the talns moves laterally, and the medial 
ligament of the ankle joint beeomes tant and pnlls off the 
tip of the medial malleolns. If the talns is foreed to move 
still farther^ its rotary movement resnlts in its violent eon- 
taet with the posterior inferior margin of the tibia^ whieh 
shears off. 

Other less eommon types of fraetnre disloeation are 
eansed by foreed overeversion (without rotation), in whieh 
the talns presses the lateral malleolns laterally and eanses it 
to fraetnre transversely. Overinversion (without rotation), in 
whieh the talns presses against the medial malleolns, pro- 
dnees a vertieal fraetnre throngh the base of the medial 
malleolns. 


Joints 01 the FnDt 

Metatarsophalangeal Joint of the Bíg 
Toe 

HaIIux valgus, whieh is a lateral deviation of the great toe at 
the metatarsophalangeal joint, is a eommon eondition. Its 
ineidenee is greater in women than in men and is assoeiated 
with badly fitting shoes. It is often aeeompanied by the pres- 
enee of a short first metatarsal bone. Onee the deformity is 
established, it is progressively worsened by the pnll of the 
flexor hallneis longns and extensor hallneis longns mnseles. 
Later, osteoarthritie ehanges oeenr in the metatarsopha- 
langeal joint, whieh then beeomes stiff and painfnl; the eon- 
dition is then known as hallux rigidus. 

eiinieal Examination of the Arehes of 
the Foot 

On examination of the imprint of a wet foot on the floor 
made with the person in the standing position, one ean see 
that the heel, the lateral margin of the fooh the pad nnder 
the metatarsal heads, and the pads of the distal phalanges are 
in eontaet with the gronnd (see text Figs. 12-41 and 12-42). 
The medial margin of the fooh from the heel to the first 
metatarsal head, is arehed above the gronnd beeanse of the 
important medial longitndinal areh. The pressnre exerted 
on the gronnd by the lateral margin of the foot is greatest at 
the heel and the fifth metatarsal head and least between 
these areas beeanse of the presenee of the low-lying lateral 
longitndinal areh. The transverse areh involves the bases of 
the five metatarsals and the enboid and enneiform bones. 
This is, in faeh only half an areh, with its base on the lateral 
border of the foot and its snmmit on the foof s medial bor- 
der. The foot has been likened to a half-dome, so that when 
the medial borders of the two feet are plaeed together, a 
eomplete dome is formed. 

From this deseription, it ean be nnderstood that the 
body weight on standing is distribnted throngh a foot via the 
heel behind and six points of eontaet with the gronnd in 
fronk namely, the two sesamoid bones nnder the head of the 
first metatarsal and the heads of the remaining fonr 
metatarsals. 

The "Stone Bridge" Meehanisms for 
Areh Support 

Examination of the design of any stone bridge reveals the 
following engineering methods nsed for its snpport (CD 

Fig. 12-6). 

■ The shape of the stones: The most effeetive way of snp- 
porting the areh is to make the stones wedge shaped, 
with the thin edge of the wedge lying inferiorly. This 
applies partienlarly to the important stone that oeenpies 
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CD Fìgure 12-6 Different methods by vvhieh the arehes of the foot may be supported 


the eenter of the areh and is referred to as the ''key- 
stone.” 

The inferior edges of the stones are tied together: This is 
aeeomplished by interloeking the stones or binding their 
lower edges together with metal staples. This method ef- 
feetively eonnteraets the tendeney of the lower edges of the 
stones to separate when the areh is weightbearing. 

The nse of the tie beams: When the span of the bridge is 
large and the fonndations at either end are inseenre, a tie 


beam eonneeting the ends effeetively prevents separation 
of the pillars and eonsequent sagging of the areh. 

■ A suspension bridge: Here, the maintenanee of the areh 
depends on mnltiple snpports snspending the areh from 
a eable above the level of the bridge. 

Using the bridge analogy, one ean now examine the 
methods nsed to snpport the arehes of the feet (see CD Fig. 
12 - 6 ). 
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Maintenanee of the Medíal Longitndi- 
nal Areh 

■ Shape of the bones: The sustentaculum tali hold up 
the talus; the eoneave proximal snrfaee of the navienlar 
bone reeeives the ronnded head of the talus; the slight 
eoneavity of the proximal snrfaee of the medial 
enneiform bone reeeives the navienlar. The ronnded 
head of the talus is the keystone in the eenter of the 

areh (see CD Fig. 12-6). 

■ The inferior edges of the bones are tied together by 

the plantar ligaments, which are larger and stronger 
than the dorsal ligaments. The most important ligament 
is the plantar ealeaneonavienlar ligament (see CD Fig. 
12-6). The tendinons extensions of the insertion of the 
tibialis posterior mnsele play an important role in this 
respeet. 

■ Tying the ends of the areh together are the plantar 
aponenrosis, the medial part of the flexor digitornm bre- 
vis, the abdnetor hallneis, the flexor hallneis longns, the 
medial part of the flexor digitornm longns, and the flexor 

hallneis brevis (see CD Fig. 12-6). 

■ Snspending the areh from above are the tibialis ante- 
rior and posterior and the medial ligament of the ankle 
joint. 

Maintenanee of the Lateral Longítudi- 
nal Areh 

■ Shape of the bones: Minimal shaping of the distal end of 
the ealeanenm and the proximal end of the enboid. The 
enboid is the keystone. 

■ The inferior edges of the bones are tied together by the 

long and short plantar ligaments and the origins of the 
short mnseles from the forepart of the foot (see CD Fig. 
12 - 6 ). 

■ Tying the ends of the areh together are the plantar 
aponenrosis, the abdnetor digiti minimi, and the lateral 
part of the flexor digitornm longns and brevis. 

■ Snspending the areh from above are the peronens 
longns and the brevis (see CD Fig. 12-6). 

Maintenanee of the Transverse Areh 

■ Shape of the bones: The marked wedge shaping of the 
enneiform bones and the bases of the metatarsal bones 

(see text Fig. 12-42) 

■ The inferior edges of the bones are tied together by the 

deep transverse ligaments, the strong plantar ligaments, 
and the origins of the plantar mnseles from the forepart 
of the foot; the dorsal interossei and the transverse head 
of the addnetor hallneis are partienlarly important in this 
respeet. 

■ Tying the ends of the areh together is the peronens 
longns tendon. 


Snspending the areh from above are the peronens 
longns tendon and the peronens brevis. 


PHYSIOLOGie NOTE 


Muscle Tone and the Arehes of the Foot 

The arehes of the feet are maintained by the shape of the 
bones, strong ligaments, and muscle tone. VVhieh of 
these faetors is the most important? Basmajian and 
Steeko demonstrated eleetromyographieally that the tib- 
ialis anterior, the peroneus longus, and the small mus- 
eles of the foot play no important role in the normal statie 
support of the arehes. They are eommonly totally inae- 
tive. Hovvever, during vvalking and running, all these 
muscles beeome aetive. Standing immobile for long pe- 
riods, espeeially if the person is overvveight, plaees 
excessive strain on the bones and ligaments of the feet 
and results in fallen arehes or flat feet. Athletes, route- 
marehing soldiers, and nurses are able to sustain their 
arehes provided that they reeeive adequate training to 
develop their muscle tone. 

eiìnieal Problems Assoeiated with the 
Arehes of the Foot 

Of the three arehes, the medial longitudinal is the largest 
and elinieally the most important. The shape of the 
bones, the strong ligaments, espeeially those on the plan- 
tar snrfaee of the foot, and the tone of mnseles all play an 
important role in snpporting the arehes. It has been 
shown that in the aetive foot the tone of mnseles is an im- 
portant faetor in areh support. When the mnseles are fa- 
tigned by excessive exercise (a long-ronte mareh by an 
army reernit), by standing for long periods (waitress or 
nnrse), by being overweight, or by illness, the muscular 
support gives way, the ligaments are stretehed, and pain is 
prodneed. 

Pes planns (flat foot) is a eondition in which the medial 
longitudinal areh is depressed or eollapsed. As a resnlfl the 
forefoot is displaeed laterally and everted. The head of the 
talns is no longer supported, and the body weight forees it 
downward and medially between the calcaneum and the 
navicular bone. When the deformity has existed for some 
time, the plantar, ealeaneonavienlar, and medial ligaments 
of the ankle joint beeome permanently stretehed, and the 
bones ehange shape. The mnseles and tendons are also per- 
manently stretehed. The causes of flat foot are both eongen- 
ital and acquired. 

Pes eavns (clawfoot) is a eondition in which the medial 
longitudinal areh is nndnly high. Most eases are caused by 
mnsele imbalanee^ in many instanees resulting from po- 
liomyelitis. 
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Read the following ease histories/questions and give 
the best answer for eaeh. 

General Joint Questions 

A 31-year-old woman has a history of poliomyelitis af- 
feeting the anterior horn eells of the lower thoraeie and 
Inmbar segments of the spinal eord on the left side. On 
examination^ she has severe right lateral flexion defor- 
mity of the vertebral eolnmn. 

1. The following statements are trne abont this ease ex- 
eept whieh? 

A. The virns of poliomyelitis attaeks and destroys the 
motor anterior horn eells of the spinal eord. 

B. The disease resnlted in the paralysis of the mnseles 
that normally laterally flex the vertebral eolnmn on 
the left side. 

e. The mnseles on the right side of the vertebral eol- 
nmn are nnapposed. 

D. The right lateral flexion deformity is eansed by the 
slow degeneration of the sensory nerve fibers origi- 
nating from the vertebral mnseles on the right side. 

A 20-year-old woman severely sprains her left ankle 
while playing tennis. When she tries to move the foot so 
that the sole faees medially, she experienees severe pain. 

2. What is the eorreet anatomie term for the movement of 
the foot that prodnees the pain? 

A. Pronation 

B. Inversion 
e. Snpination 
D. Eversion 

Joìnts of the Skull 

3. An exhansted medieal stndent deeided to brnsh up on 
gross anatomy by attending a leetnre given by an old and 
revered visiting professor. After 45 minntes the leetnre be- 
gan to bore him, and his mind began to wander. He eonld 
not forget the attraetive brnnette nnrse in the snrgieal 
elinie whom he had dated the previons evening. After 5 
more minntes he fonnd he jnst eonld not keep his eyes 
open. When would this leetnre end? Jnst then, he invol- 
nntarily opened his month wide and yawned. To his great 
eonsternation he eonld not elose his month. His jaw was 
stnek in the open position. What is yonr diagnosis? 

Joìnts of the Vertebral Column 

An 11-year-old boy was showing off in front of friends by 
diving into the shallow end of a swimming pool. After one 


partienlarly daring dive, he snrfaeed quiekly and elimbed 
ont of the pool, holding his head between his hands. He 
said that he had hit the bottom of the pool with his head 
and now had severe pain in the root of the neek, whieh 
was made worse when he tried to move his neek. A lateral 
radiograph revealed that the right inferior artienlar 
proeess of the fifth eervieal vertebra was foreed over the 
anterior margin of the right snperior artienlar proeess of 
the sixth eervieal vertebra, prodneing a nnilateral disloea- 
tion with nipping of the right sixth eervieal nerve. 

4. The following symptoms and signs eonfirmed the diag- 
nosis except which? 

A. The head was rotated to the right. 

B. There was spasm of the deep neek mnseles on the 
right side of the neek, which were tender to toneh. 

e. The patient eomplained of severe pain in the region 
of the baek of the neek and right shonlder. 

D. The slightest movement prodneed severe pain in the 
right sixth eervieal dermatome. 

E. The large size of the vertebral eanal in the eervieal 
region permitted the spinal eord to eseape injnry. 

A 50-year-old eoal miner was eronehing at the mine 
faee when a large roek snddenly beeame dislodged 
from the roof of the mine shaft and strnek him on the 
npper part of his baek. The emergeney department 
physieian snspeeted a displaeement of the npper tho- 
raeie spines on the sixth thoraeie spine. 

5. The following physieal signs eonfirmed a diagnosis of 
fraetnre disloeation between the fifth and sixth thoraeie 
vertebrae except which? 

A. A lateral radiograph revealed fraetnres involving the 
snperior artienlar proeesses of the sixth thoraeie ver- 
tebra and the inferior artienlar proeesses of the fifth 
thoraeie vertebra. 

B. Gonsiderable forward displaeement of the body of 
the fifth thoraeie vertebra on the sixth thoraeie ver- 
tebra oeenrred. 

e. The patient had signs and symptoms of spinal shoek. 

D. The large size of the vertebral eanal in the thoraeie 
region leaves plenty of spaee aronnd the spinal eord 
for bony displaeement. 

E. The patient later showed signs and symptoms of 
paraplegia. 

A 66-year-old woman was seen in the emergeney de- 
partment eomplaining of a bnrning pain over the npper 
part of her right arm. The pain had started 2 days previ- 
onsly and had progressively worsened. Physieal exami- 
nation revealed weakness and wasting of the right 
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deltoid and bieeps braehii mnseles. The patient also 
had hyperesthesia in the skin over the lower part of the 
right deltoid and down the lateral side of the arm. Ra- 
diologie examination showed extensive spnr formation 
on the bodies of the fonrth, fifth, and sixth eervieal ver- 
tebrae. These signs and symptoms snggested severe os- 
teoarthritis of the eervieal vertebral eolnmn. 

6. This disease prodneed the following ehanges in the ver- 
tebrae and related strnetnres except whieh? 

A. Repeated tranma and aging had resnlted in degen- 
erative ehanges at the artienlating snrfaees of the 
fonrth, fifth, and sixth eervieal vertebrae. 

B. Extensive spnr formation resnlted in narrowing of 
the intervertebral foramina with pressnre on the 
nerve roots. 

e. The bnrning pain and hyperesthesia were eansed by 
pressnre on the third and fonrth eervieal posterior 
roots. 

D. The weakness and wasting of the deltoid and bieeps 
braehii mnseles were eansed by pressnre on the fifth 
and sixth eervieal anterior roots. 

E. Movements of the neek intensified the symptoms by 
exerting fnrther pressnre on the nerve roots. 

E. Gonghing or sneezing raised the pressnre within the 
vertebral eanal and resnlted in fnrther pressnre on 
the roots. 

A medieal stndent offered to move a grand piano for his 
landlady. He had jnst finished his final examinations in 
anatomy and was in poor physieal shape. He strnggled 
with the antique monstrosity and snddenly experieneed 
an aente pain in the baek, whieh extended down the 
baek and onter side of his left leg. On examination in 
the emergeney department, he was fonnd to have a 
slight seoliosis with the eonvexity on the right side. The 
deep mnseles of the baek in the left Inmbar region felt 
firmer than normal. No evidenee of mnsele weakness 
was presenh bnt the left ankle jerk was diminished. 

7. The symptoms and signs of this patient strongly snggest a 
diagnosis of prolapsed intervertebral dise except whieh? 

A. The pain was the worst over the left Inmbar region 
opposite the fifth Inmbar spine. 

B. The pain was aeeentnated by eonghing. 

e. With the patient snpine, flexing the left hip joint 
with the knee extended eansed a marked inerease in 
the pain. 

D. A lateral radiograph of the Inmbar vertebral eolnmn 
revealed nothing abnormal. 

E. A magnetie resonanee imaging stndy revealed the 
presenee of small fragments of the nnelens pnlposns 
that had herniated ontside the annlns in the dise be- 
tween the fifth Inmbar vertebra and the saernm. 

E. The pain oeenrred in the dermatomes of the third 
and fonrth Inmbar segments on the left side. 


A 22-year-old stndent was driving home from a party 
and erashed his ear head on into a briek wall. On 
examination in the emergeney department, he was 
fonnd to have a fraetnre disloeation of the seventh tho- 
raeie vertebra, with signs and symptoms of severe dam- 
age to the spinal eord. 

8. On reeovery from spinal shoek, he was fonnd to have 
the following signs and symptoms except whieh? 

A. Eraetnre disloeation of the seventh thoraeie verte- 
bra, whieh would resnlt in severe damage to the sev- 
enth thoraeie segment of the spinal eord 

B. A band of entaneons hyperesthesia extending aronnd 
the abdominal wall on the left side at the level of the 
nmbiliens that was eansed by the irritation of the eord 
immediately above the site of the lesion 

e. On the right side, total analgesia, thermoanesthesia, 
and partial loss of taetile sense of the skin of the ab- 
dominal wall below the level of the nmbiliens in- 
volving the whole of the right leg 

D. Upper motor nenron paralysis of his left leg 

E. Unequal sensory and motor losses on the two sides, 
whieh indieate a left hemiseetion of the spinal eord 

Joìnts of the Rìbs 

9. A 36-year-old woman went sailing with her hnsband 
and they were eanght in a severe gale. While the hns- 
band at the helm desperately managed to keep the boat 
nnder eontrol, the wife tried to get the sails down. Even- 
tnally the squall died down and they were able to retnrn 
safely to port. The next morning, the woman woke up 
with severe pain over the left side of her ehest. On be- 
ing examined in the emergeney department of the loeal 
hospital for a snspeeted myoeardial infaretion, the 
physieian fonnd that the patient was aentely tender over 
her left eostal margin, whieh was made worse on taking 
a deep breath. What is the possible diagnosis? 

Joínts of the Upper Extremíty 

10. Separation of the aeromioelavienlar joint is eommon in 
football and soeeer players. Explain why sneh separa- 
tions are nnstable after rednetion. 

A father, seeing his 3-year-old son playing in the garden, 
ran up and pieked him up by both hands and swung 
him aronnd in a eirele. The ehild's enjoyment snd- 
denly tnrned to tears, and he said his left elbow hnrt. 
On examination, the ehild held his left elbow joint 
semiflexed and his forearm pronated. 

11. The following statements eoneerning this ease are eon- 
sistent with the diagnosis of disloeation of the snperior 
radionlnar joint except which? 

A. The head of the radins was pnlled ont of the annlar 
ligament. 
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B. At age 3 years, the ehild's anular ligament has a large 
diameter and the head of the radins ean easily be 
pnlled ont of the ligament by traetion. 

C. The ineidenee of this eondition is equal in both sexes. 

D. The pain from the joint eansed reflex eontraetion of 
the snrronnding mnseles to proteet the joint from 
fnrther movement. 

E. The subluxation of the joint ean be treated by 
pnlling downward on the forearm and at the same 
time performing the movement of pronation and 
snpination. Finally, the elbow joint is flexed and 
held in that position. 

A 60-year-old woman fell down the stairs and was admit- 
ted to the emergeney department with severe right shonl- 
der pain. On examination, the patient was sitting up with 
her right arm by her side and her right elbow joint snp- 
ported by the left hand. Inspeetion of the right shonlder 
showed loss of the normal ronnded enrvatnre and evi- 
denee of a slight swelling below the right elaviele. Any at- 
tempt at aetive or passive movement of the shonlder joint 
was stopped by severe pain in the shonlder. A diagnosis 
of disloeation of the right shonlder joint was made. 

12. The following statements eoneerning this patient are 
eonsistent with the diagnosis except which? 

A. This patient had a snbeoraeoid disloeation of the 
right shonlder joint. 

B. The head of the hnmerns was disloeated downward 
throngh the weakest part of the eapsnle of the joint. 

C. The pnll of the peetoralis major and snbseapnlaris 
mnseles had displaeed the npper end of the 
hnmerns medially. 

D. The greater tnberosity of the hnmerns no longer dis- 
plaeed the deltoid mnsele laterally, and the enrve of 
the shonlder was lost. 

E. The integrity of the axillary nerve shonld always be 
tested by tonehing the skin over the npper half of the 
deltoid mnsele. 

A 63-year-old man fell down a flight of stairs and sns- 
tained a fraetnre of the lower end of the left radins. On 
examination the distal end of the radins was displaeed 
posteriorly. This patient had snstained a Colles' fraetnre. 

13. The following statements eoneerning this ease are eor- 
reet except which? 

A. Oeeasionally the styloid proeess of the nlna is also 
fraetnred. 

B. The median nerve may be injnred at the time of the 
fall. 

C. When the fraetnre is redneed, the styloid proeess of 
the radins shonld eome to lie abont 0.75 in. (1.9 cm) 
proximal to that of the nlna. 

D. The fraetnre prodnees posterior angnlation of the 
distal fragment of the radins. 


E. On rednetion of the fraetnre the distal end of the ra- 
dins shonld lie at an angle of 15° anteriorly. 

F. The hand shonld always be splinted in the position 
of fnnetion. 

A 22-year-old medieal stndent fell off her bieyele onto 
her ontstretehed hand. She thonght she had sprained her 
right wrist joint and treated herself by binding her wrist 
with an elastie bandage. Three weeks later, however, she 
was still experiencing pain on moving her wrist and so de- 
eided to visit the emergeney department. On examina- 
tion of the dorsal snrfaees of both hands, with the fingers 
and thnmbs fnlly extended, a loealized tenderness eonld 
be felt in the anatomie snuffbox of her right hand. A di- 
agnosis of fraetnre of the right seaphoid bone was made. 

14. The following statements eoneerning this patient are 
eorreet except which? 

A. The seaphoid bone is an easy bone to immobilize 
beeanse of its small size. 

B. A bony fragment deprived of its blood snpply may 
nndergo isehemie neerosis. 

C. Beeanse the seaphoid bone artienlates with other 
bones, the fraetnre line may enter a joint eavity and 
beeome bathed in synovial flnid, which would in- 
hibit repair. 

D. The fraetnre line on the seaphoid bone may deprive 
the proximal fragment of its arterial snpply. 

E. Fraetnres of the seaphoid bone have a high inei- 
denee of nonnnion. 

15. A 46-year-old woman slipped on a shiny floor and sns- 
tained a fraetnre of the fifth metaearpal bone on her left 
hand. What type of angnlation of the fragments is eom- 
monly fonnd in fraetnres at this site? When a splint is 
applied with the little finger flexed, in which direetion 
shonld the little finger be pointing? 

Joints of the Lower Extremity 

A medieal stndent, while playing football, eollided with 
another player and fell to the gronnd. As he fell, the 
right knee, which was taking the weight of his body, was 
partially flexed; the femnr was rotated medially; and the 
leg was abdneted on the thigh. A sndden pain was felt 
in the right knee joint, and he was nnable to extend it. 
The stndent was diagnosed as having a torn medial 
menisens of the knee joint. 

16. The following statements eoneerning this ease eon- 
firmed the diagnosis except which? 

A. The right knee joint quickly beeame swollen. 

B. Severe loeal tenderness was felt along the medial 
side of the joint line. 

C. The medial menisens split along part of its length, 
and the detaehed portion beeame jammed between 
the artienlar snrfaees, limiting fnrther extension. 
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D. The trauma stimulated the produetion of synovial 
flnid, whieh filled the joint eavity. 

E. The distension of the snprapatellar bnrsa was re- 
sponsible for the large amonnt of swelhng above the 
injnred knee. 

F. The pain sensation from the injnred knee was eon- 
fined to the femoral nerve as it aseended to the een- 
tral nervous system. 

A 27-year-old woman was found to have an nnstable 
right knee joint following a severe antomobile aeeident. 
On examination it was possible to pnll the tibia exees- 
sively forward on the femnr. A diagnosis of rnptnred an- 
terior erneiate ligament was made. 

17. The following statements eoneerning this patient are 
eorreet except which? 

A. The anterior erneiate ligament is attaehed to 
the tibia in the anterior part of the intereondylar 
area. 

B. The anterior erneiate ligament passes upward, baek- 
ward, and laterally from its tibial attaehment. 

C. The anterior erneiate ligament is attaehed above to 
the posterior part of the medial snrfaee of the lateral 
femoral eondyle. 

D. The anterior erneiate ligament is more eommonly 
torn than is the posterior erneiate ligament. 


E. Beeanse the erneiate ligaments are loeated ontside 
the synovial membrane^ bleeding from a torn liga- 
ment does not enter the joint eavity. 

A 25-year-old man was rnnning aeross a field when he 
eanght his right foot in a rabbit hole. As he fell, the right 
foot was violently rotated laterally and overeverted. On 
attempting to stand, he eonld plaee no weight on his 
right foot. On examination by a physieian, the right an- 
kle was eonsiderably swollen, espeeially on the lateral 
side. After fnrther examination, inelnding a radiograph 
of the ankle, a diagnosis of severe fraetnre disloeation of 
the ankle joint was made. 

18. The following statements eoneerning this patient are 
eorreet except which? 

A. This type of fracture disloeation is eansed by foreed 
external rotation and overeversion of the foot. 

B. The talns is externally rotated against the lateral 
malleolus of the fibnla, eansing it to fraetnre. 

C. The medial ligament of the ankle joint is strong and 
never rnptnres. 

D. The torsion effeet on the lateral malleolus prodnees 
a spiral fraetnre. 

E. If the talns is foreed to move farther laterally and 
eontinnes to rotate, the posterior inferior margin of 
the tibia will be sheared off. 




1. D is the eorreet answer. The right lateral flexion defor- 
mity is not eansed by the slow degeneration of the sen- 
sory nerve fibers originating from the vertebral mnsele 
on the right side. It is the motor nerves snpplying the 
vertebral mnseles on the left side that are affeeted in 
this patient. 

2. B is the eorreet answer. Moving the foot at the snbtalar 
and midtarsal joints so that the sole faees medially is 
ealled inversion. 

3. The student had disloeated his temporomandibnlar 
joints on both sides. When he yawned, his lateral 
pterygoid mnseles reflexly eontraeted foreibly and 
pnlled the head of the mandible and the artienlar dise 
forward over the snmmit of the artienlar tnberele in 
eaeh joint. Reduction is easily performed by pressing 
gloved thnmbs downward and backward on the last 
molar teeth. The lateral pterygoid, the temporalis, and 
the masseter mnsele tension is overeome and the head 
of the mandible snaps baek over the artienlar tnberele 
to assnme its normal anatomieal position. 


4. A is the eorreet answer. The right inferior artienlar 
proeess of the fifth eervieal vertebra was foreed over the 
anterior margin of the right snperior artienlar proeess of 
the sixth eervieal vertebra, eansing the head of the pa- 
tient to be rotated to the left. 

5. D is the eorreet answer. The vertebral eanal in the tho- 
raeie region is small and ronnd and little spaee is 
aronnd the spinal eord for bony displaeement to oeenr 
without eansing severe damage to the eord. 

6. C is the eorreet answer. The burning pain and hyperes- 
thesia were eansed by pressnre on the fifth and sixth eer- 
vieal posterior roots. 

7. F is the eorreet answer. The pain oeenrred in the der- 
matomes of the fifth Inmbar and first saeral segments on 
the left side. 

8. A is the eorreet answer. Fracture disloeation of the 
seventh thoraeie vertebra would resnlt in severe 
damage to the tenth thoraeie segment of the spinal 
eord. 
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9. The loealized tenderness over the left eostal margin is 
strongly snggestive of subluxation of one of the inter- 
ehondral joints on the eostal margin. Subluxation of a 
joint implies that the ligaments and eapsnle are 
stretehed or torn bnt the damage is not so severe that the 
artienlating snrfaees lose eontaet with one another. 
This eondition ean be extremely painfnl and in this pa- 
tient was seeondary to tranma eansed by exeessive 
pnlling of the mnseles eonneeting the thoraeie eage to 
the npper limb. The sixth, seventh, eighth, ninth, and 
tenth eostal eartilages artienlate with eaeh other along 
their borders by small synovial joints. 

10. In subluxation of the aeromioelavienlar joint, the lat- 
eral end of the elaviele elevates and beeomes more 
prominent than normal; there is a definite step down 
onto the aeromion. A disloeation oeenrs when the dam- 
age to the restraining strnetnres is more severe and the 
artienlating snrfaees lose eontaet with one another. In 
the ease of the aeromioelavienlar joint, the elaviele rises 
above the aeromion and the joint is very nnstable. 

The main strength of the aeromioelavienlar joint de- 
pends on the integrity of the strong eoraeoelavienlar lig- 
ament (see text Fig. 12-14). Shonld this ligamentbe dis- 
rnpted, the aeromioelavienlar joint disloeates; the lat- 
eral end of the elaviele rides over the aeromion and the 
npper limb is depressed. 

11. B is the eorreet answer. Under age 6 years, the ehild's 
head of the radins is of a relatively small size and may 
easily be pnlled ont of the annlar ligament by traetion 
on the forearm. 

12. E is the eorreet answer. The integrity of the axillary 
nerve is tested by tonehing the skin over the lower half 


of the deltoid mnsele. The skin of the enrve of the 
shonlder, inelnding the skin eovering the npper half of 
the deltoid mnsele, is snpplied by the snpraelavienlar 
nerves. 

13. e is the eorreet answer. The normal position of the tip 
of the styloid proeess of the radins is abont 0.75 in. (1.9 
em) distal to that of the nlna. 

14. A is the eorreet answer. The seaphoid bone is a diffienlt 
bone to immobilize beeanse of its position and small 
size. 

15. Fraetnred metaearpal bones show dorsal angnlation 
eansed by the forward pnll of the long flexor tendons 
and the Inmbrieals and interossei on the distal frag- 
ment. When flexed individnally, all fingers (exeluding 
the thnmb) point toward the tnberele of the seaphoid. 
When a finger is nnstable following a fraetnre, it 
shonld be aligned so that its tip points to the seaphoid 
tnberele; failnre to aehieve this will resnlt in malfnne- 
tion. 

16. F is the eorreet answer. The sensation of pain from the 
knee joint aseends to the eentral nervons system via the 
femoral, obtnrator, eommon peroneal, and tibial nerves. 

17. E is the eorreet answer. The synovial membrane eover- 
ing the erneiate ligaments (see text Fig. 12-31) is torn 
along with the ligaments, and the joint eavity quiekly 
fills with blood. 

18. e is the eorreet answer. Althongh the medial ligament 
of the ankle joint is strong^ extreme foree ean resnlt in 
rnptnre of the ligament, the ligament ean be torn from 
the medial malleolns, or the pnll on the ligament ean 
fraetnre the medial malleolns. 
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GENERAL EEINIEAL 
EEATHRES 
EDNGERNING 
MOSGLES 

Musc1e TanB 

Determination of the tone of a mnsele is an important elin- 
ieal examination. If a mnsele is flaeeid, then either the af- 
ferent^ the efferent^ or both nenrons involved in the reflex 
are neeessary for the prodnetion of mnsele tone have been 
interrnpted. For example, if the nerve trnnk to a mnsele is 
severed, both nenrons will have been interrnpted. If po- 
liomyelitis has involved the motor anterior horn eells at a 
level in the spinal eord that innervates the mnsele, the ef- 
ferent motor nenrons will not fnnetion. If^ eonversely^ the 
mnsele is fonnd to be hypertonie, the possibility exists of a 
lesion involving higher motor nenrons in the spinal eord or 
brain. 



tal innervation of the following mnseles shonld be known 
beeanse they ean be tested by elieiting simple mnsele re- 
flexes in the patient (CD Fig. 13-1). 








Bieeps braehii tendon reflex: C5 and 6 (flexion of the el- 
bow joint by tapping the bieeps tendon) 

Trieeps tendon reflex: C6, 7, and 8 (extension of the el- 
bow joint by tapping the trieeps tendon) 

Braehioradialis tendon reflex: C5, 6, and 7 (snpination 
of the radionlnar joints by tapping the insertion of the 
braehioradialis tendon) 

Abdominal snperfieial reflexes (eontraetion of nnderly- 
ing abdominal mnseles by stroking the skin): Upper ab- 
dominal skin T6-7, middle abdominal skin T8-9, and 
lower abdominal skin TlO-12 

Patellar tendon reflex (knee jerk): L2, 3, and 4 (exten- 
sion of the knee joint on tapping the patellar tendon) 
Aehilles tendon reflex (ankle jerk): S1 and S2 (plantar 
flexion of the ankle joint on tapping the Aehilles tendon) 



Musde Attaehments 

The importanee of knowing the main attaehments of all the 
major mnseles of the body need not be emphasized. Only 
with sneh knowledge is it possible to nnderstand the normal 
and abnormal aetions of individnal mnseles or mnsele 
gronps. How ean one even attempt to analyze, for example, 
the abnormal gait of a patient without this information? 

Muscle Shape and Fnrm 

The general shape and form of mnseles shonld also be 
noted, sinee a paralyzed mnsele or one that is not nsed (sneh 
as oeenrs when a limb is immobilized in a east) quiekly at- 
rophies and ehanges shape. In the ease of the limbs, it is al- 
ways worth remembering that a mnsele on the opposite side 
of the body ean be nsed for eomparison. 

SegmBntal Innervatinn nf Mnsele 

Skeletal mnsele reeeives a segmental innervation. Most of 
these mnseles are innervated by two, three, or fonr spinal 
nerves and therefore by the same nnmber of segments of the 
spinal eord. To paralyze a mnsele eompletely, it is thns nee- 
essary to seetion several spinal nerves or to destroy several 
segments of the spinal eord. 

Learning the segmental innervation of all the mnseles 
of the body is an impossible task. Nevertheless, the segmen- 


Laeeratinns nf the Sealp 

The tension of the epieranial aponenrosis (see text Fig. 13- 
6), prodneed by the tone of the oeeipitofrontalis mnseles, is 
important in all deep wounds of the sealp. If the aponenro- 
sis has been divided, the wound will gape open. For 
satisfaetory healing to take plaee, the opening in the 
aponenrosis mnst be elosed with sntnres. 

Often a wound eansed by a blnnt objeet sneh as a 
baseball bat elosely resembles an ineised wound. This is 
beeanse the sealp is split against the nnyielding sknll, and 
the pnll of the oeeipitofrontalis mnseles eanses a gaping 
wound. This anatomie faet may be of eonsiderable foren- 
sie importanee. 

Faeial Musc1b Paralysis 

The faeial mnseles are innervated by the faeial nerve. Dam- 
age to the faeial nerve in the internal aeonstie meatns (by a 
tnmor), in the middle ear (by infeetion or operation), in the 
faeial nerve eanal (perinenritis, BelFs palsy), or in the 
parotid gland (by a tnmor) or eansed by laeerations of the 
faee will eanse distortion of the faee, with drooping of 
the lower eyelid, and the angle of the month will sag on the 
affeeted side. This is essentially a lower motor nenron le- 
sion. An npper motor nenron lesion (involvement of the 
pyramidal traets) will leave the npper part of the faee normal 
beeanse the nenrons snpplying this part of the faee reeeive 
eortieobnlbar fibers from both eerebral eortiees. 
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bieeps braehii tendon reflex 


C6, 7, and 8 



trieeps tendon reflex 


L2, 3, and 4 



patellar tendon reflex 



Aehilles tendon reflex 


CD Fìgure 13-1 Some important tendon reflexes used in medieal praetiee. 
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layers (see text Fig. 13-11). These faseial layers are easily ree- 
ognizable to the snrgeon at operation. 

Faseial Spaees 


SternoeleidDmastDÌd MDsde aDd 
PrDteetÌDD frDm TraDma 

The sternoeleidomastoid, a strong, thiek mnsele erossing 
the side of the neek (see text Fig. 13-9), proteets the 
nnderlying soft strnetnres from blnnt tranma. Snieide 
attempts by entting one's throat often fail beeanse the 
individnal first extends the neek before making several 
horizontal ents with a knife. Extension of the eervieal part 
of the vertebral eolnmn and extension of the head at the 
atlantooeeipital joint eanse the earotid sheath with its 
eontained large blood vessels to slide posteriorly beneath 
the sternoeleidomastoid mnsele. To aehieve the desired 
resnlt with the head and neek fnlly extended, some indi- 
vidnals have to make several attempts and only sneeeed 
when the larynx and the greater part of the sternoeleido- 
mastoid mnseles have been severed. The eommon sites for 
the wounds are immediately above and below the hyoid 
bone. 

CoDgeDÌtal Tortieollis 

Most eases of eongenital tortieollis are a resnlt of exeessive 
stretehing of the sternoeleidomastoid mnsele dnring a diffi- 
enlt labor. Hemorrhage oeenrs into the mnsele and may be 
deteeted as a small, ronnded Hnmor” dnring the early weeks 
after birth. Later, this beeomes invaded by fibrons tissne, 
whieh eontraets and shortens the mnsele. The mastoid 
proeess is thns pnlled down toward the sternoelavienlar joint 
of the same side, the eervieal spine is flexed, and the faee 
looks upward to the opposite side. If left nntreated, asym- 
metrieal growth ehanges oeenr in the faee, and the eervieal 
vertebrae may beeome wedge shaped. 

SpasDiDdie TDrtieDllis 

Spasmodie tortieollis, whieh resnlts from repeated ehronie 
eontraetions of the sternoeleidomastoid and trapezins mns- 
eles, is nsnally psyehogenie in origin. Seetion of the spinal 
part of the aeeessory nerve may be neeessary in severe 
eases. 

eiÌDÌeal SigDÌfieaDee dí the Deep 

Faseia dí the Neek 

The deep faseia in eertain areas of the neek forms distinet 
sheets ealled the investing, pretraeheal, and prevertebral 


Between the more dense layers of deep faseia in the neek is 
loose eonneetive tissne that forms potential spaees that are 
elinieally important. Among the more important spaees are 
the viseeral, retropharyngeal, snbmandibnlar, and mastiea- 
tory spaees (CD Fig. 13-2). 

The deep faseia and the faseial spaees are important 
beeanse organisms originating in the month, teeth, phar- 
ynx, and esophagns ean spread among the faseial planes 
and spaees, and the tongh faseia ean determine the diree- 
tion of spread of infeetion and the path taken by pns. It is 
possible for blood, pns, or air in the retropharyngeal spaee 
to spread downward into the snperior mediastinnm of the 
thorax. 

Acute infeetions of the Faseial Spaees of 
the Neek 

Dental infeetions most eommonly involve the lower 
molar teeth. The infeetion spreads medially from 
the mandible into the snbmandibnlar and mastieatory 
spaees and pnshes the tongne forward and upward. 
Fnrther spread downward may involve the viseeral spaee 
and lead to edema of the voeal eords and airway ob- 
strnetion. 

Ludwig's angina is an aente infeetion of the snb- 
mandibnlar faseial spaee and is eommonly seeondary to 
dental infeetion. 

ehronie infeetion of the Faseial Spaees of 
the Neek 

Tnberenlons infeetion of the deep eervieal lymph 
nodes ean resnlt in hquefaetion and destrnetion of one or 
more of the nodes. The pns is at first limited by the in- 
vesting layer of the deep faseia. Later, this beeomes 
eroded at one point, and the pns passes into the less re- 
strieted snperfieial faseia. A dnmbbell-shaped abseess is 
now present. The elinieian is aware of the snperfieial ab- 
seess bnt mnst not forget the existenee of the deeply 
plaeed abseess. 

eiÌDÌeal SigDÌfieaDee of the 

Triaogles of the Neek 

The triangles of the neek (see text Fig. 13-12) assist 
the medieal examiner in aeenrately loealizing a wound, 
tnmor, or swelling. Gommit to memory the bonndaries 
and make a list of the important eontents of eaeh 
triangle. 
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CDFìgure13-2 A. Gross seetion of the neek shovving the viseeral spaee. B. Sagittal 
seetion of the neek shovving the positions of the retropharyngeal and subnnandibular 
spaees. e. Vertieal seetion of the body of the nnandible elose to the angle shovving the 
mastieatory spaee. 


MUSCLES DF THE 
ABDDMINAL WALL 

Hematoma of Ihe Reetos Sheath 

Hematoma of the reetus sheath is uneommon but impor- 
tant, sinee it is often overlooked. It oeenrs most often on the 
right side below the level of the nmbiliens. The sonree of 
the bleeding is the inferior epigastrie vein or^ more rarely^ 
the inferior epigastrie artery (see text Fig. 19-7). These 



vessels may be stretehed dnring a severe bont of eonghing or 
in the later months of pregnaney, whieh may predispose to 
the eondition. The eanse is nsnally blnnt trauma to the ab- 
dominal wall, sneh as a fall or a kiek. The symptoms that fol- 
low the tranma inelnde midline abdominal pain. An aentely 
tender mass eonfined to one reetns sheath is diagnostie. 

Abdaminal Mnseles, AbdGminDthD- 
raeie Rhylhm, and Viseernptnsis 

The abdominal mnseles eontraet and relax with respiration, 
and the abdominal wall eonforms to the volnme of the ab- 
dominal viseera. There is an abdominothoraeie rhythm. 
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Normally^ during inspiration^ when the sternnm moves for- 
ward and the ehest expands, the anterior abdominal wall 
also moves forward. If, when the ehest expands the anterior 
abdominal wall remains stationary or eontraets inward, it is 
highly probable that the parietal peritoneiim is inflamed 
and has eansed a reflex eontraetion of the abdominal 
mnseles. 

The shape of the anterior abdominal wall depends on 
the tone of its mnseles. A middle-aged woman with poor ab- 
dominal mnseles who has had mnltiple pregnaneies is often 
ineapable of siipporting her abdominal viseera. The lower 
part of the anterior abdominal wall protrndes forward, a eon- 
dition known as viseeroptosis. This shonld not be eonfnsed 
with an abdominal tnmor sueh as an ovarian eyst or with the 
exeessive aeeumulation of fat in the fatty layer of the super- 
fieial faseia. 

Muscle Rigidity and Referred Pain 

Sometimes it is diffieult for a physieian to deeide whether 
the mnseles of the anterior abdominal wall of a patient are 
rigid beeause of nnderlying inflammation of the parietal 
peritoneum or whether the patient is voluntarily eontraeting 
the mnseles beeanse he or she resents being examined or be- 
eause the physieian's hand is eold. This problem is usually 
easily solved by asking the patient, who is lying supine on 
the examination table, to rest the arms by the sides and draw 
up the knees to flex the hip joints. It is praetieally impossible 
for a patient to keep the abdominal museulature tensed 
when the thighs are flexed. Needless to say, the examinehs 
hand should be warm. 

A pleurisy involving the lower eostal parietal pleura 
eauses pain in the overlying skin that may radiate down into 
the abdomen. Although it is nnlikely to eanse rigidity of the 
abdominal mnseles, it may eause eonfnsion in making a di- 
agnosis unless these anatomie faets are remembered: 


eulous abseess. Tubereulous disease of the thoraeolnmbar 
region of the vertebral eolnmn results in the destrnetion of 
the vertebral bodies, with possible extension of pus laterally 
under the psoas faseia (CD Fig. 13-3). From there, the pns 
traeks downward, following the eonrse of the psoas mnsele, 
and appears as a swelhng in the upper part of the thigh be- 
low the ingninal ligament. It may be mistaken for a 
femoral hernia. 



Pelvie FlDDr 

The pelvie diaphragm is a gutter-shaped sheet of mnsele 
formed by the levatores ani and eoeeygens mnseles and their 
eovering faseiae (see text Figs. 13-19 and 13-20). From their 
origin, the mnsele fibers on the two sides slope downward and 
baekward to the midline, produeing a gutter that slopes 
downward and forward. 

A rise in the intraabdominal pressure, eansed by the 
eontraetion of the diaphragm and the mnseles of the ante- 
rior and lateral abdominal walls, is eounteraeted by the 
eontraetion of the mnseles forming the pelvie floor. By this 
means, the pelvie viseera are snpported and do not “drop 
ouF through the pelvie outlet. Gontraetion of the pnboree- 
talis fibers greatly assists the anal sphineters in maintaining 
eontinenee under these eonditions by pnlling the anoreetal 
junetion upward and forward. Dnring the aet of defeeation, 
however, the levator ani eontinnes to snpport the pelvie 
viseera bnt the pnboreetalis fibers relax with the anal 
sphineters. 


■ The xiphoid proeess-T7 

■ The umbiheus-T10 

■ The pubis-Ll 

5 urgery and the TendinGus 
Interseetinns nf the Reetns 
Abdntninis Mnsele 

Note that the anterior wall of the reetus sheath is firmly at- 
taehed to the tendinons interseetions of the reetus abdo- 
minis mnsele. The posterior wall of the sheath, however, has 
no attaehment to the mnsele. 

Psnas Ahseess 

The psoas faseia eovers the anterior snrfaee of the psoas 
mnsele and ean inflnenee the direetion taken by a tnber- 


Functional Sígnìfìeanee of the Pelvie 
Floor in the Female 

The female pelvie floor serves an important hmetion dnr- 
ing the seeond stage of labor (CD Fig. 13-4). At the pelvie 
inlet, the widest diameter is transverse so that the longest 
axis of the baby's head (anteroposterior) takes up the trans- 
verse position. When the head reaehes the pelvie floor, the 
gntter shape of the floor tends to eause the baby's head to 
rotate so that its long axis eomes to lie in the anteroposte- 
rior position. The oeeipital part of the head now moves 
downward and forward along the gutter nntil it lies nnder 
the pubie areh. As the baby's head passes through the 
lower part of the birth eanal, the small gap that exists in the 
anterior part of the pelvie diaphragm beeomes enormously 
enlarged so that the head may slip through into the per- 
inenm. Onee the baby has passed through the perineum, 
the levatores ani mnseles reeoil and take up their previons 
position. 
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CD Figure 13-3 A. Muscles and 
bones fornning the posterior abdonninal 
vvall. B. Case of advaneed tuberculous 
disease of the thoracolunnbar region of 
the vertebral colunnn. A psoas abseess 
is present, and svvellings occur in the 
right groin above and belovv the right 
inguinal ligannent. 


Injury to the Pelvie Floor 

Injury to the pelvie floor dnring a diffienlt ehildbirth ean re- 
snlt in the loss of snpport for the pelvie viseera leading to 
nterine and vaginal prolapse, herniation of the bladder 
(eystoeele), and alteration in the position of the bladder 
neek and nrethra, leading to stress ineontinenee. In the lat- 
ter eondition, the patient dribbles nrine whenever the in- 
traabdominal pressnre is raised, as in eonghing. Prolapse of 
the reetnm may also oeenr. 



notatar Cufi Tendinitis 

The rotator enff, eonsisting of the tendons of the snbseapn- 
laris, snpraspinatns, infraspinatns, and teres minor mnseles, 
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CD Fìgure 13-4 Stages in rotation 
of the baby's head during the seeond 
stage of labor. The shape of the 
pelvie floor plays an important part in 
this proeess. 


which are hised to the underlying eapsnle of the shonlder 
joint, plays an important role in stabilizing the shonlder 
joint. Lesions of the enff are a eommon eanse of pain in the 
shonlder region. Excessive overhead aetivity of the npper 
limb may be the eanse of tendinitis, althongh many eases 
appear spontaneonsly. Dnring abdnetion of the shonlder 
joint, the snpraspinatns tendon is exposed to frietion against 
the aeromion (CD Fig. 13-5). Under normal eonditions, the 
amoimt of frietion is redneed to a minimnm by the large 
snbaeromial bnrsa, which extends laterally beneath the del- 
toid. Degenerative ehanges in the bnrsa are followed by de- 
generative ehanges in the nnderlying snpraspinatns tendon, 
and these may extend into the other tendons of the rotator 
enff. eiinieally, the eondition is known as snbaeromial bur- 
sitis, supraspinatus tendinitis, or perieapsnlitis. It is ehar- 
aeterized by the presenee of a spasm of pain in the middle 
range of abdiietion (CD Fig. 13-5), when the diseased area 
impinges on the aeromion. 

RupturE nf Ihe Supraspinatus 

TEndGn 

In advaneed eases of rotator enff tendinitis, the neerotie 
snpraspinatiis tendon ean beeome ealeified or rnptnre. Rnp- 
tnre of the tendon serionsly interferes with the normal 


\ 

\ 

\ 

\ 



CD Figure 13-5 Subacromial bursitis, supraspinatus ten- 
dinitis, or pericapsulitis shovving the painful are in the mid- 
dle range of abduction, vvhen the diseased area impinges 
on the lateral edge of the aeromion. 
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abduction movement of the shonlder joint. It will be re- 
membered that the main fnnetion of the snpraspinatns mns- 
ele is to hold the head of the hnmerns in the glenoid fossa at 
the eommeneement of abdnetion. The patient with a rnp- 
tnred snpraspinatns tendon is nnable to initiate abdnetion of 
the arm. However, if the arm is passively assisted for the first 
15° of abdnetion, the deltoid ean then take over and eom- 
plete the movement to a right angle. 

Axillary Nerve and the 
Onadrangnlar Spaee 

A snbglenoid disloeation of the head of the hnmerns into 
the qnadrangular spaee (see text Fig. 13-24) ean cause dam- 
age to the axillary nerve, as indieated by paralysis of the del- 
toid mnsele and loss of skin sensation over the lower half of 
the deltoid mnsele. 

Oarpal Tnnnel Syndrnme 

The earpal tnnnel, formed by the eoneave anterior snrfaee of 
the earpal bones and elosed by the flexor retinaculum, is 
tightly paeked with the long flexor tendons of the fingers, 
their surrounding synovial sheaths, and the median nerve 


(CD Fig. 13-6). eiinieally, the syndrome eonsists of a burn- 
ing pain or “pins and needles” along the distribntion of the 
median nerve to the lateral three and a half fingers and weak- 
ness of the thenar mnseles. It is prodneed by eompression of 
the median nerve within the tnnnel. The exact cause of the 
eompression is diffienlt to determine, but thiekening of the 
synovial sheaths of the flexor tendons or arthritie ehanges in 
the earpal bones are thonght to be responsible in many eases. 
As you would expecF no paresthesia oeenrs over the thenar 
eminenee beeanse this area of skin is snpplied by the palmar 
entaneons braneh of the median nerve, which passes snper- 
fieially to the flexor retinaculum. The eondition is dramati- 
eally relieved by deeompressing the tnnnel by making a 
longitndinal ineision throngh the flexor retinaculum. 

TenGsynavitis nf tliE Synnvial 
StiEaths nf the Flexnr Tendnns 

Tenosynovitis is an infeetion of a synovial sheath. It most 
eommonly resnlts from the introdnetion of baeteria into a 
sheath throngh a small penetrating wound, such as 
that made by the point of a needle or thorn. Rarely, the 
sheath may beeome infeeted by extension of a pulp-space 
infeetion. 
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CD Fìgure 13-6 Cross seetion of the hand shovving the relation of the tendons, nerves, 
and arteries to the flexor and extensor retinacula. 
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CD Figure 13-7 Insertions of long flexor and extensor tendons in the fingers. Insertions 
of the lunnbrical and interossei nnuscles are also shovvn. The uppernnost figure illustrates 
the aetion of the lunnbrical and interossei nnuscles in flexing the metaearpophalangeal 
joints and extending the interphalangeal joints. 


infeetion of a digital sheath resnlts in distension of the 
sheath with pns; the finger is held semiflexed and is swollen. 
Any attempt to extend the finger is aeeompanied by extreme 
pain beeanse the distended sheath is stretehed. As the inflam- 
matory proeess eontinnes, the pressnre within the sheath rises 


and may eompress the blood snpply to the tendons that travel 
in the vinenla longa and brevia (CD Fig. 13-7). Rnptnre or 
later severe searring of the tendons may follow. 

A fnrther inerease in pressnre ean eanse the sheath to 
rnptnre at its proximal end. Anatomieally, the digital sheath 
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of the index finger is related to the thenar spaee, whereas 
that of the ring finger is related to the midpalmar spaee. The 
sheath for the middle finger is related to both the thenar and 
midpalmar spaees. These relationships explain how infee- 
tion ean extend from the digital synovial sheaths and involve 
the palmar faseial spaees. 

In the ease of infeetion of the digital sheaths of the little 
finger and thnmb, the nlnar and radial bnrsae are quiekly in- 
volved. Shonld sneh an infeetion be negleeted, pns may 
bnrst throngh the proximal ends of these bnrsae and enter 
the faseial spaee of the forearm between the flexor digitornm 
profnndns anteriorly and the pronator quadratus and the in- 
terosseons membrane posteriorly. This faseial spaee in the 
forearm is eommonly referred to elinieally as the spaee of 
Parona. 

Trigger Finger 

In trigger finger, there is a palpable and even andible snapping 
when a patient is asked to flex and extend the fingers. It is 
eansed by the presenee of a loealized swelling of one of the 
long flexor tendons that eatehes on a narrowing of the fibrons 
flexor sheath anterior to the metaearpophalangeal joint. It may 
take plaee either in flexion or in extension. A similar eondition 
oeenrring in the thnmb is ealled trigger thnmb. The sitnation 
ean be relieved snrgieally by ineising the fibrons flexor sheath. 

Mallet Finger 

Avnlsion of the insertion of one of the extensor tendons into 
the distal phalanges ean oeenr if the distal phalanx is 
foreibly flexed when the extensor tendon is tant. The last 20° 
of aetive extension is losfl resnlting in a eondition known as 
mallet finger (CD Fig. 13-8). 

BDntonnièrE Deformity 

Avnlsion of the eentral slip of the extensor tendon proximal 
to its insertion into the base of the middle phalanx resnlts in 
a eharaeteristie deformity (CD Fig. 13-8C). The deformity 
resnlts from flexing of the proximal interphalangeal joint 
and hyperextension of the distal interphalangeal joint. This 
injnry ean resnlt from direet end-on tranma to the finger, di- 
reet tranma over the baek of the proximal interphalangeal 
joinfl or laeeration of the dorsnm of the finger. 

DopoytrBn’s DontraetorE 

Dnpnytren's eontraetnre is a loealized thiekening and eon- 
traetnre of the palmar aponenrosis (CD Fig. 13-9). It eom- 
monly starts near the root of the ring finger and draws that 
finger into the palm, flexing it at the metaearpophalangeal 
joint. Later, the eondition involves the little finger in the 
same manner. In long-standing eases, the pnll on the fibrons 
sheaths of these fingers resnlts in flexion of the proximal 



CD Fìgure 13-8 A. Posterior view of normal dorsal exten- 
sor expansion. The extensor expansion near the proximal 
interphalangeal joint splits into three parts: a eentral part 
which is inserted into the base of the middle phalanx, and 
two lateral parts, which eonverge to be inserted into the 
base of the distal phalanx. B. Mallet or baseball finger. The 
insertion of the extensor expansion into the base of the dis- 
tal phalanx ruptured; sometimes a flake of bone on the 
base of the phalanx is pulled off. C. Boutonnière deformity. 
The insertion of the extensor expansion into the base of the 
middle phalanx is ruptured. The arrovvs indieate the diree- 
tion of the pull of the muscles and the deformity. 
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CD Fìgure 13-9 Anterior view 
of the palm of the hand. The 
palmar aponeorosis has been 
left in position. 


interphalangeal joints. The distal interphalangeal joints are 
not involved and are aetnally extended by the pressnre of the 
fingers against the palm. 



Gluteus l\/laxiinus and 
lntramuscular InjBetinns 

The glntens maximus is a large, thiek mnsele with eoarse 
faseienli that ean be easily separated without damage. The 
great thiekness of this mnsele makes it ideal for intramnsen- 


lar injeetions. To avoid injnry to the nnderlying seiatie 
nerve, the injeetion shonld be given well forward on the 
upper outer quadrant of the bnttoek. 

Bnrsitis, or inflammation of a bnrsa, ean be eansed by 
aente or ehronie tranma. 

Gluteus Maximus and Bnrsitis 

An inflamed bnrsa beeomes distended with exeessive 
amonnts of flnid and ean be extremely painfnl. The bnrsae as- 
soeiated with the glntens maximus are prone to inflammation. 

Gluteus Medius and Minimns and 
Pnliomyelitis 

The glntens medins and minimns mnseles may be para- 
lyzed when poliomyelitis involves the lower Inmbar and 
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saeral segments of the spinal eord. They are snpplied by the 
snperior glnteal nerve (L4 and 5 and Sl). Paralysis of these 
mnseles serionsly interferes with the ability of the patient to 
tilt the pelvis when walking. 

[]uadricBps FBiHGris as a 
KnBB-Joinl StabilizEr 

The quadrieeps femoris is an important extensor mnsele for 
the knee joint. Its tone greatly strengthens the joint; there- 
fore, this mnsele mass mnst be earefnlly examined when 
disease of the knee joint is snspeeted. Both thighs shonld be 
examined, and the size, eonsisteney, and strength of the 
quadrieeps mnseles shonld be tested. Rednetion in size 
eansed by mnsele atrophy ean be tested by measnring the 
eirenmferenee of eaeh thigh a fixed distanee above the su- 
perior border of the patella. 

The vastns medialis mnsele extends farther distally than 
the vastns lateralis. Remember that the vastns medialis is the 
first part of the quadrieeps mnsele to atrophy in knee-joint 
disease and the last to reeover. 

RuplurB nf IhE Reelns Femnris 

The reetns femoris mnsele ean rnptnre in sndden violent ex- 
tension movements of the knee joint. The mnsele belly re- 
traets proximally, leaving a gap that may be palpable on the 
anterior snrfaee of the thigh. In eomplete rnptnre of the 
mnsele, snrgieal repair is indieated. 

RuplurB nf IhE LigamEnlnm 

PalEllaB 

This ean oeenr when a sndden flexing foree is applied to the 
knee joint when the quadrieeps femoris mnsele is aetively 
eontraeting. 

Femnral Shealh and Femnral 
FlBrnia 

The hernial sae deseends throngh the femoral eanal within 
the femoral sheath. 

The femoral sheath is a prolongation downward into the 
thigh of the faseial lining of the abdomen. It snrronnds the 
femoral vessels and lymphatie vessels for abont I in. (2.5 em) 
below the ingninal ligament (CD Fig. 13-10). The femoral 
artery, as it enters the thigh below the ingninal ligament, oe- 
enpies the lateral eompartment of the sheath. The femoral 
vein, whieh lies on its medial side and is separated from it by 
a fibrons septnm, oeenpies the intermediate eompartment. 
The lymphaties, whieh are separated from the vein by a 
fibrons septnm, oeenpy the most medial eompartment. 


The femoral eanal, the eompartment for the lymphatie 
vessels, oeenpies the medial part of the sheath. It is abont 0.5 
in. (1.3 em) long, and its npper opening is referred to as the 
femoral ring. The femoral septnm, whieh is a eondensa- 
tion of extraperitoneal tissne, plngs the opening of the 
femoral ring. 

A femoral hernia is more eommon in women than in 
men (possibly beeanse of their wider pelvis and femoral 
eanal). The hernial sae passes down the femoral eanal, 
pnshing the femoral septnm before it. On eseaping throngh 
the lower end of the femoral eanal, it expands to form a 
swelhng in the npper part of the thigh deep to the deep fas- 
eia. With fnrther expansion, the hernial sae may tnrn up- 
ward to eross the anterior snrfaee of the ingninal ligament. 

The neek of the sae always lies below and lateral to the 
pnbie tnberele. This serves to distingnish it from an in- 
gninal hernia, whieh lies above and medial to the pnbie tu- 
berele. The neek of the sae is narrow and lies at the femoral 
ring. The ring is related anteriorly to the ingninal ligament^ 
posteriorly to the peetineal ligament and the snperior ramns 
of the pnbis, medially to the sharp free edge of the laennar 
ligament, and laterally to the femoral vein. Beeanse of these 
anatomie strnetnres, the neek of the sae is nnable to expand. 
Onee an abdominal visens has passed throngh the neek into 
the body of the sae, it may be diffienlt to pnsh it up and 
retnrn it to the abdominal eavity (irredneible bernia). 
Fnrthermore, after the patient strains or eonghs, a pieee of 
bowel may be foreed throngh the neek, and its blood vessels 
may be eompressed by the femoral ring^ serionsly impairing 
its blood snpply (strangnlated bernia). A femoral hernia 
is a dangerons eondition and shonld always be treated 
snrgieally. 

When eonsidering the differential diagnosis of a 
femoral hernia, it is important to eonsider diseases that may 
involve other anatomie strnetnres elose to the ingninal liga- 
ment. For example: 

■ Ingninal eanal: The swelhng of an ingninal hernia lies 
above the medial end of the ingninal ligament. Shonld 
the hernial sae emerge throngh the snperfieial ingninal 
ring to start its deseent into the serotnm, the swelhng will 
lie above and medial to the pnbie tnberele. The sae of a 
femoral hernia lies below and lateral to the pnbie 
tnberele. 

■ Snperfieial ingninal lympb nodes: IJsnally, more than 
one lymph node is enlarged. In patients with inflam- 
mation of the nodes (lympbadenitis), earefnlly examine 
the entire area of the body that drains its lymph into 
these nodes. A small, nnnotieed skin abrasion may be 
fonnd. Never forget the mneons membrane of the lower 
half of the anal eanal —it may have an nndiseovered 
eareinoma. 

■ Great sapbenons vein: A loealized dilatation of the ter- 
minal part of the great saphenons vein, a sapbenons 
varix, ean eanse eonfnsion, espeeially beeanse a hernia 
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CD Fìgure 13-10 Right fennoral sheath and its eontents. 


and a varix inerease in size when the patient is asked to 
eongh. (Elevated intraabdominal pressnre drives the 
blood downward.) The presenee of varieose veins else- 
where in the leg shonld help in the diagnosis. 

Psoas sheath: Tnberenlons infeetion of a Inmbar verte- 
bra ean resnlt in the extravasation of pns down the psoas 

sheath into the thigh (CD Fig. 13-3). The presenee of a 

swelling above and below the ingninal ligament, 
together with elinieal signs and symptoms referred 
to the vertebral eolnmn, shonld make the diagnosis 
obvions. 


■ Femoral artery: An expansile swelhng lying along the 
eonrse of the femoral artery that flnetnates in time with 
the pnlse rate shonld make the diagnosis of aneurysm of 
the femoral artery eertain. 

AdduclDr Musc1bs and 
eerebral Palsy 

In patients with eerebral palsy who have marked spastieity of 
the addnetor gronp of mnseles, it is eommon praetiee to 
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perform a tenotomy of the addnetor longns tendon and to 
divide the anterior division of the obtnrator nerve. In addi- 
tion, in some severe eases the posterior division of the obtn- 
rator nerve is ernshed. This operation overeomes the spasm 
of the addnetor gronp of mnseles and permits slow reeovery 
of the mnseles snpplied by the posterior division of the ob- 
tnrator nerve. 

The AdductGr Magnus and 
Popliteal Anenrysms 

The pnlsations of the wall of the femoral artery against the 
tendon of addnetor magnns at the opening of the addnetor 
magnns is thonght to eontribnte to the eanse of popliteal 
anenrysms. 

SemimembranDsns Dursa SwBlling 

Semimembranosns bnrsa swelling is the most eommon 
swelhng fonnd in the popliteal spaee. It is made tense by 
extending the knee joint and beeomes flaeeid when the 
joint is flexed. It shonld be distingnished from a Bakehs 
eysh whieh is eentrally loeated and arises as a pathologie 
(osteoarthritis) divertienlnm of the synovial membrane 
throngh a hole in the baek of the eapsnle of the knee 
joint. 

AntBrÌDr CDmparlmBnl dí IhB 
iBg SyndrDmE 

The anterior eompartment syndrome is prodneed by an in- 
erease in the intraeompartmental pressnre that resnlts from 
an inereased prodnetion of tissne flnid. Soft tissne injnry 
assoeiated with bone fraetnres is a eommon eanse, and 
early diagnosis is eritieal. The deep, aehing pain in the an- 
terior eompartment of the leg that is eharaeteristie of this 
syndrome ean beeome severe. Dorsiflexion of the foot at 
the ankle joint inereases the severity of the pain. Stretehing 
of the mnseles that pass throngh the eompartment by pas- 
sive plantar flexion of the ankle also inereases the pain. As 
the pressnre rises, the venons retnrn is diminished, thns 
prodneing a fnrther rise in pressnre. In severe eases, the ar- 
terial snpply is eventnally ent off by eompression, and the 
dorsalis pedis arterial pnlse disappears. The tibialis ante- 
rior, the extensor digitornm longns, and the extensor hal- 
Ineis longns mnseles are paralyzed. Loss of sensation is 
limited to the area snpplied by the deep peroneal nerve — 
that is, the skin eleft between the first and seeond toes. The 
snrgeon ean open the anterior eompartment of the leg by 
making a longitndinal ineision throngh the deep faseia and 
thns deeompress the area and prevent anoxie neerosis of 
the mnseles. 


TenDsynDvilis and DislDealÌDn dí 
ihe PerDDBDS TDngus and BrBvis 

Tendnns 

Tenosynovitis (inflammation ofthe synovial sheaths) ean af- 
feet the tendon sheaths of the peronens longns and brevis 
mnseles as they pass posterior to the lateral malleolns. Treat- 
ment eonsists of immobilization, heah and physiotherapy. 
Tendon disloeation ean oeenr when the tendons of per- 
onens longns and brevis disloeate forward from behind the 
lateral malleolns. For this eondition to oeenr, the snperior 
peroneal retinaenlnm mnst be torn. It nsnally oeenrs in 
older ehildren and is eansed by tranma. 

GastrDcnemius and Sd1bus 
Muscle Tears 

Tearing of the gastroenemins or solens mnseles will pro- 
dnee severe loealized pain over the damaged mnsele. 
Swelhng may be present. 

Rupiured TendD CalcanBus 

Rnptnre of the tendo ealeanens is eommon in middle-aged 
men and frequently oeenrs in tennis players. The rnptnre oe- 
enrs at its narrowest part, abont 2 in. (5 em) above its inser- 
tion. A sndden, sharp pain is felt, with immediate disability. 
The gastroenemins and solens mnseles retraet proximally, 
leaving a palpable gap in the tendon. It is impossible for the 
patient to aetively plantar flex the foot. The tendon shonld be 
sntnred as soon as possible and the leg immobilized with the 
ankle joint plantar flexed and the knee joint flexed. 

Rupiure dI Hib Planiaris TendDD 

Rnptnre of the plantaris tendon is rare, althongh tearing of 
the fibers of the solens or partial tearing of the tendo ealea- 
nens is frequently diagnosed as sneh a rnptnre. 

Planlaris TendDn and AntDgrafls 

The plantaris mnsele, whieh is often missing, ean be nsed 
for tendon antografts in repairing severed flexor tendons to 
the fingers; the tendon of the palmaris longns mnsele ean 
also be nsed for this pnrpose. 

Planlar Faseiitis 

Plantar faseiitis, whieh oeenrs in individnals who do a great 
deal of standing or walking, eanses pain and tenderness of 
the sole of the foot. It is believed to be eansed by repeated 
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minor tranma. Repeated attaeks of this eondition indnee os- 
sifieation in the posterior attaehment of the aponenrosis, 
forming a ealeaneal spnr. 

eiinieal Problems AssneiaÌEd with 

Ihe ArehES of thE Foot 

See CD Ghapter 12. 

BorsaE and Borsitis in tha 

LDWEr Limb 

A variety of bnrsae are fonnd in the lower limb where skin, 
tendons, ligaments, or mnseles repeatedly rnb against bony 
points or ridges. 

Bnrsitis, or inflammation of a bnrsa, ean be eansed by 
aente or ehronie tranma, erystal disease, infeetion, or dis- 
ease of a neighboring joint that eommnnieates with 
the bnrsa. An inflamed bnrsa beeomes distended with ex- 
eessive amonnts of flnid. The following bnrsae are prone to 


inflammation: the bnrsa over the isehial tnberosity; the 
greater troehanter bnrsa; the prepatellar and snperfieial in- 
frapatellar bnrsae; the bnrsa between the tendons of inser- 
tion of the sartorins, graeilis, and semitendinosns mnseles 
on the medial proximal aspeet of the tibia; and the bnrsa be- 
tween the tendo ealeanens and the npper part of the ealea- 
nenm (long-distanee rnnnehs ankle). 

Two important bnrsae eommnnieate with the knee 
joint, and they ean beeome distended if exeessive amonnts 
of synovial flnid aeenmnlate within the joint. The snpra- 
patellar bnrsa extends proximally abont three fingerbreadths 
above the patella beneath the quadrieeps femoris mnsele. 
The bnrsa, whieh is assoeiated with the insertion of the 
semimembranosns mnsele, may enlarge in patients with os- 
teoarthritis of the knee joint. 

The anatomie bnrsae deseribed shonld not be eonfnsed 
with adventitions bnrsae, whieh develop in response to ab- 
normal and exeessive frietion. For example, a snbentaneons 
bnrsa sometimes develops over the tendo ealeanens in re- 
sponse to badly fitting shoes. A bnnion is an adventitial 
bnrsa loeated over the medial side of the head of the first 
metatarsal bone. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

General Muscle Information 

In a 63-year-old man, a magnetie resonanee imaging 
sean of the lower thoraeie region of the vertebral 
eolnmn reveals the presenee of a tnmor pressing on the 
Inmbar segments of the spinal eord. He has a loss of sen- 
sation in the skin over the anterior snrfaee of the left 
thigh and is nnable to extend his left knee joint. Exam- 
ination reveals that the mnseles of the front of the left 
thigh have atrophied and have no tone and that the left 
knee jerk is absent. 

1. The following statements eoneerning this patient are 
eorreet except which? 

A. The tnmor is interrnpting the normal fnnetion of 
the efferent motor fibers of the spinal eord on the left 
side. 

B. The quadriceps femoris mnseles on the front of the 
left thigh are atrophied. 

e. The loss of skin sensation is eonfined to the 
dermatomes Ll, 2, 3 , and 4. 

D. The absenee of the left knee jerk is beeanse of 
involvement of the first Inmbar spinal segment. 


E. The loss of mnsele tone is eansed by interrnption of 
a nervons reflex are. 

A woman reeently took up employment in a faetory. 
She is a maehinist, and for 6 honrs a day she has to 
move a lever repeatedly, which requires that she extend 
and flex her right wrist joint. At the end of the seeond 
week of her employmenE she began to experience pain 
over the posterior snrfaee of her wrist and notieed a 
swelhng in the area. 

2. The following statements eoneerning this patient are 
eorreet except which? 

A. Extension of the wrist joint is bronght abont by sev- 
eral mnseles that inelnde the extensor digitornm 
mnsele. 

B. The wrist joint is diseased. 

e. Repeated nnaeenstomed movements of tendons 
throngh their synovial sheaths ean prodnee tran- 
matie inflammation of the sheaths. 

D. The diagnosis is tranmatie tenosynovitis of the long 
tendons of the extensor digitornm mnsele. 

Head and Neek Muscles 

A 43-year-old woman was seen in the emergeney de- 
partment with a large abseess in the middle of the right 
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posterior triangle of the neek. The abseess was red, hot, 
and flnetnant. The abseess showed evidenee that it was 
pointing and abont to rnptnre. The physieian deeided 
to ineise the abseess and insert a drain. The patient 
retnrned to the department for the dressings to be 
ehanged 5 days later. She stated that she felt mneh bet- 
ter and that her neek was no longer painfnl. However, 
there was one thing that she eonld not nnderstand. She 
eonld no longer raise her right hand above her head to 
brnsh her hair. 

3. The following statements explain the signs and symp- 
toms in this ease, snggesting that the spinal part of the 
aeeessory nerve had been ineised, except whieh? 

A. To raise the hand above the head, it is neeessary for 
the trapezins mnsele, assisted by the serratns ante- 
rior, to eontraet and rotate the seapnla so that the 
glenoid eavity faees upward. 

B. The trapezins mnsele is innervated by the spinal 
part of the aeeessory nerve. 

C. As the spinal part of the aeeessory nerve erosses the 
posterior triangle of the neek, it is deeply plaeed, be- 
ing eovered by the skin, the snperfieial faseia, the in- 
vesting layer of deep eervieal faseia, and the levator 
seapnlae mnsele. 

D. The snrfaee marking of the spinal part of the aeees- 
sory nerve is as follows: Biseet at right angles a line 
joining the angle of the jaw to the tip of the mastoid 
proeess. Gontinne the seeond line downward and 
baekward aeross the posterior triangle. 

E. The knife opening the abseess had ent the aeeessory 
nerve. 

A 46-year-old man was seen in the emergeney depart- 
ment after being knoeked down in a street brawl. He 
had reeeived a blow on the head with an empty bottle. 
On examination, the patient was eonseions and had a 
large gaping wound on the top of the head. 

4. Why did the wound in this patient gape wide open 
when he was hit with a blnnt objeet and not a knife? 

A. The skin on the top of the head was exeessively tight. 

B. The blow of the bottle had split the epieranial 
aponenrosis against the nnderlying sknll and the 
tone of the oeeipitofrontalis mnsele had pnlled the 
skin wound open. 

C. The snbentaneons tissne of the sealp eontains 
smooth mnsele, whieh pnlled the wound open. 

D. A hematoma was formed beneath the sealp and 
foreed the wound open. 

E. The nnderlying parietal bone of the sknll was frae- 
tnred and foreed the wound open. 

Muscles of the Baek 

A 75-year-old woman was dnsting the top of a high 
eloset while balaneed on a ehair. She lost her balanee 


and fell to the floor^ eatehing her right Inmbar region 
on the edge of the ehair. 

5. The following statements abont this patient are eorreet 
except whieh? 

A. A Inmbar pnnetnre (spinal tap) shonld always be 
performed in baek injnries to exelude damage to the 
spinal eord. 

B. Anteroposterior and lateral radiographs exelude the 
presenee of a fraetnre, espeeially of a transverse 
proeess. 

e. A 24-hour speeimen of nrine shonld be examined for 
blood to exelude or eonfirm injnry to the right kidney. 

D. Careful examination of the ereetor spinae mnseles 
or quadratus Inmbornm mnsele may reveal extreme 
tenderness and therefore injnry to these mnseles. 

E. Examination of the baek revealed a large brnised 
area in the right Inmbar region, whieh was ex- 
tremely tender to toneh. 

Muscles of the Thoraeíe Wall 

A resident obtained a sample of plenral flnid from a pa- 
tienfs right plenral eavity. He inserted the needle elose 
to the npper border of the sixth rib in the anterior axil- 
lary line. 

6. Name the mnseles that the needle piereed in order to 
enter the plenral eavity. 

A. Trapezins and latissimns dorsi 

B. Trapezins and serratns anterior 

e. Serratns anterior, external intereostal, internal inter- 
eostal, and innermost intereostal 

D. External intereostal and internal intereostal 

E. Latissimns dorsi, serratns anterior, and external in- 
tereostal 

Abdominal Muscles 

A 75-year-old man with ehronie bronehitis notieed that 
a bnlge was developing in his left groin. On examina- 
tion, an elongated swelhng was seen above the medial 
end of the left ingninal ligament. When the patient 
eonghed, the swelhng enlarged bnt did not deseend 
into the serotnm. The patient had weak abdominal 
mnseles. 

7. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. The ingninal swelhng was a direet ingninal hernia. 

B. The eanse of the hernia was weak abdominal 
mnseles. 

e. The hernial sae was wide and in direet eommnniea- 
tion with the peritoneal eavity. 

D. A rise in intraabdominal pressnre on eonghing 
eansed the hernial swelhng to expand. 

E. The swelhng did not involve the eonjoint tendon. 
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A 40-year-old woman notieed a painfnl swelling in her 
right groin after helping her hnsband move some heavy 
fnrnitnre. On examination, a small tender swelhng was 
noted in the right groin. 

8. The symptoms and signs displayed by this patient ean 
be explained by the following statements except which? 

A. The neek of a femoral hernial sae is sitnated below 
and medial to the pnbie tnberele. 

B. A hernial sae formed of parietal peritonenm was 
foreed downward. 

e. The peritonenm was foreed throngh the right 
femoral eanal. 

D. The patient had a right-sided femoral hernia. 

E. The excessive exertion eansed a rise in intraabdom- 
inal pressnre. 

9. Following a sndden severe blow on the anterior ab- 
dominal wall from the hind leg of a horse, a patient 
eomplained of pain and swelhng below the nmbiliens. 
On examination^ extensive brnising of the skin was ob- 
served over the lower part of the right reetns mnsele. On 
gentle palpation, a deep swelhng eonfined to the right 
reetns sheath was felt. Given that the deep swelhng was 
dne to a eolleetion of blood (hematoma), which blood 
vessels were likely to have been rnptnred? 

10. In a patient with a history of tnberenlosis, an angnlar 
kyphosis of the Inmbar vertebral eolnmn snddenly de- 
veloped. On examination, a swelhng was fonnd in the 
groin, jnst below the right ingninal ligament. On deep 
palpation of the anterior abdominal wall above the right 
ingninal ligamenh a fnrther swelhng eonld be felt. Dig- 
ital pressnre on the first swelhng eansed expansion of 
the seeond swelhng and viee versa. What is the diagno- 
sis? Explain the swelhng in anatomieal terms. 

Pelvíe Muscles 

11. A mnltiparons 57-year-old woman visited her gyneeolo- 
gist eomplaining of a “bearing-down” feeling in the 
pelvis and of low baekaehe, both of which were worse 
when she was tired. On vaginal examination, the exter- 
nal os of the cervix was fonnd to be loeated jnst within 
the vaginal orifiee. A diagnosis of nterine prolapse was 
made. What are the main snpports of the nterns? 

Muscles of the Upper Limb 

A 50-year-old woman eomplaining of severe ''pins and 
needles” in her right hand and lateral fingers visited her 
physieian. She said that she had experienced diffienlty 
in bnttoning up her elothes when dressing. On physieal 
examination the patient pointed to her thnmb and in- 
dex, middle, and ring fingers as the areas where she felt 
diseomfort. No objeetive impairment of sensation was 
fonnd in these areas. The mnseles of the thenar 


eminenee appeared to be fnnetioning normally, al- 
thongh there was some loss of power eompared with the 
aetivity of the mnseles of the left thenar eminenee. 

12. The following statements eoneerning this patient are 
eorreet except which? 

A. Altered skin sensation was felt in the skin areas snp- 
plied by the digital branehes of the median nerve. 

B. The mnseles of the thenar eminenee showed some 
evidenee of wasting as seen by flattening of the 
thenar eminenee. 

e. The mnseles of the thenar eminenee are snpplied by 
the reenrrent mnsenlar braneh of the median nerve. 

D. The median nerve enters the palm throngh the 
earpal tnnnel. 

E. The median nerve oeenpies a large spaee between 
the tendons behind the flexor retinaenlnm. 

F. This patient has earpal tnnnel syndrome. 

13. Following a radieal masteetomy operation a woman no- 
tieed that her right shonlder blade projeeted backwards. 
Can yon explain this deformity? 

14. A 40-year-old man visited his physieian eomplaining of 
pain of 3 weeks' dnration in his right shonlder. On ex- 
amination, the patient eonld aetively abdnet his right 
shonlder to 50°; thereafter, he experienced severe pain 
that prevented fnrther movement. If the arm was then 
passively raised above a right angle, it eonld be held ae- 
tively without pain in that position. If the patient at- 
tempted to lower the arm, he again experienced severe 
pain in the middle range of abdnetion. What is yonr di- 
agnosis? 

A 64-year-old man eonsnlted his physieian beeanse he 
had notieed dnring the past 6 months a thiekening of 
the skin at the base of his left ring finger. As he de- 
seribed it: ''There appears to be a band of tissne that is 
pnlling my ring finger into the palm.” On examination 
of the palms of both hands, a loealized thiekening of 
snbentaneons tissne eonld be felt at the base of the left 
ring and little fingers. The metaearpophalangeal joint 
of the ring finger eonld not be fnlly extended, either ae- 
tively or passively. 

15. The following statements eoneerning this patient are 
eorreet except which? 

A. The deep faseia beneath the skin of the palm is 
thiekened to form the palmar aponenrosis. 

B. The distal end of the aponenrosis gives rise to five 
slips to the five fingers. 

e. Eaeh slip is attaehed to the base of the proximal 
phalanx and to the fibrons flexor sheath of eaeh 
finger. 

D. Fibrons eontraetion of the slip to the ring finger re- 
snlted in permanent flexion of the metaearpopha- 
langeal joint. 

E. The patient had Dnpnytren's eontraetnre. 
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Muscles of the Lower Limb 

A 54-year-old man was told by his physieian to rednee 
his weight. He was preseribed a diet and was advised to 
exereise more. One morning while jogging^ he heard a 
sharp snap and felt a sndden pain in his right lower ealf. 
On examination in the emergeney department^ the 
physieian noted that the npper part of the right ealf was 
swollen and a gap was apparent between the swelling 
and the heel. A diagnosis of rnptnre of the right Aehilles 
tendon was made. 

16. The following statements eoneerning this patient are 
eorreet except which? 

A. With the patient snpine, gentle squeezing of the up- 
per part of the right ealf did not prodnee plantar flex- 
ion of the ankle joint. 

B. The Aehilles tendon is the tendon of insertion of the 
gastroenemins and solens mnseles. 

e. The Aehilles tendon is inserted into the posterior 
snrfaee of the talns. 

D. Rnptnre of the Aehilles tendon resnlts in the bellies 
of the gastroenemins and solens mnseles retraeting 
upward, leaving a gap between the divided ends of 
the tendon. 

E. Normally, the gastroenemins and solens mnseles are 
the main mnseles responsible for plantar flexion of 
the ankle joint. 

A 25-year-old man was admitted to the emergeney de- 
partment after an antomobile aeeident. Apart from 
other snperfieial injnries, he was fonnd to have a frae- 
tnre of the middle third of the right femnr. 

17. The following statements eoneerning this patient are 
possible except which? 

A. The solens mnsele was responsible for the backward 
rotation of the distal fragment. 

B. A lateral radiograph showed overlap of the frag- 
ments, with the distal fragment rotated backward. 


e. A large amonnt of foree would be neeessary to re- 
store the leg to its original length. 

D. The hamstrings and quadriceps femoris mnseles 
were responsible for the leg shortening. 

E. The right leg was 2 in. (5 em) shorter than the left 
leg. 

18. A 42-year-old woman was seen in the emergeney de- 
partment after slipping on some iee on the way to work. 
She eomplained of pain on movement of her right an- 
kle joint. The physieian asked the patient to evert her 
right foot. Which of the following mnseles everts 
the foot? 

A. The tibialis anterior mnsele 

B. The flexor hallneis longns mnsele 
e. The peronens longns mnsele 

D. The tibialis anterior mnsele 

E. The flexor digitornm longns mnsele 

19. A 61-year-old woman was being examined for os- 
teoarthritis of the left hip joint by an orthopedie snr- 
geon. He flexed the left hip joint with the knee flexed. 
What strnetnre normally limits the flexion of this joint 
with the knee flexed? 

A. The hamstring mnseles 

B. The iliofemoral ligament 

e. The addnetor magnns mnsele 

D. The anterior abdominal wall 

E. The isehiofemoral ligament 

20. A physieian's assistant asked a patient to walk up and 
down the examining room so that she might stndy his 
gait. Which of the following mnseles plays an impor- 
tant role in lifting the left foot off the gronnd while 
walking? 

A. The left glntens medins mnsele 

B. The left glntens maximus mnsele 
e. The right addnetor longns mnsele 

D. The right glntens medins mnsele 

E. None of the above 


Answers and Exn anatinns 




1. D is the eorreet answer. The patellar tendon reflex 
(knee jerk) involves L2, 3, and 4 segments of the spinal 
eord. 

2. B is the eorreet answer. The wrist joint is not diseased. 
This patient has tranmatie tenosynovitis of the long ten- 
dons of the extensor digitornm mnsele. 

3. e is the eorreet answer. The spinal part of the aeeessory 
nerve, which snpplies the sternoeleidomastoid and 
the trapezins mnseles, lies snperfieial to the levator 


seapnlae mnsele as it erosses the posterior triangle of the 
neek (see text Eig. 13-9). 

4. B is the eorreet answer. A blnnt objeet foreibly striking 
the head often splits the epieranial aponenrosis against 
the nnderlying sknll, eansing the skin wound to gape 
open as if ineised by a knife. 

5. A is the eorreet answer. A Inmbar pnnetnre (spinal 
tap) is not required in eases of simple tranma to the 
baek. 
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6. C is the eorreet answer. On the anterior axillary line (a 
line extending vertieally downward from the lower bor- 
der of the peetoralis major mnsele) at the level of the 
npper border of the sixth rib, the needle would pieree 
the skin, faseia, the serratns anterior mnsele, the exter- 
nal intereostal mnsele, the internal intereostal mnsele, 
the innermost intereostal mnsele, and the parietal 
plenra (see text Fig. 3-4). 

7. E is the eorreet answer. The eonjoint tendon, formed 
by the fnsion of the tendons of the internal obhque and 
transversns abdominis mnseles, greatly strengthens the 
posterior wall of the ingninal eanal. A weakness of the 
eonjoint tendon and the lower abdominal mnsenlatnre 
was responsible for the bnlge, whieh eonstitntes a direet 
ingninal hernia. 

8. A is the eorreet answer. The neek of the femoral hernial 
sae is sitnated below and lateral to the pnbie tnberele 

(see CD Fig. 13-10). 

9. A sndden unexpeeted blow on the anterior abdominal 
wall eanses exeessive stretehing of this strnetnre. In this 
ease the right inferior epigastrie artery, whieh lies 
within the reetns sheath, was rnptnred and the bleeding 
oeenrred into the sheath. If a person is expeeting a 
blow, he or she antomatieally eontraets his abdominal 
mnseles and proteets the nnderlying strnetnres. 

10. The patient had a tnberenlons infeetion of the Inmbar 
vertebral eolnmn with destrnetion of the bodies of the 
vertebrae, henee the kyphosis. The tnberenlons pns ex- 
tended laterally and to the right and entered the right 
psoas faseial sheath. From there, it extended downward 
into the thigh, prodneing a swelhng above and below 
the ingninal ligament. Sinee the pns in eaeh swelhng 
was eontinnons, pressnre eonld be transmitted from 
one swelhng to the other (see CD Fig. 13-3). 

11. The nterns is mainly snpported by the tone of the leva- 
tores ani mnseles. In addition, the ligaments of the 
viseeral layer of pelvie faseia, namely, the transverse eer- 
vieal, saeroeervieal, and pnboeervieal ligaments, play 
an important role. 


12. E is the eorreet answer. The median nerve oeenpies a 
small restrieted spaee in the earpal (see CD Fig. 13-6). 

13. This patient has a winged seapnla eansed by the paraly- 
sis of the serratns anterior mnsele. The nerve snpply to 
the serratns anterior mnsele is the thoraeodorsal nerve, 
a braneh of the posterior eord of the braehial plexus. 
Sometimes dnring a radieal masteetomy operation, 
whieh involves the elearing ont of the lymph nodes and 
fat in the axilla, the nerve is saerifieed sinee it may be 
involved in malignant disease (see text Fig. 13-23). 

14. This patient had snpraspinatns tendinitis. Dnring 
the middle range of abdnetion, the tendon of the 
snpraspinatns impinges against the onter border of the 
aeromion. Normally, the larger snbaeromial bnrsa in- 
tervenes and ensnres that the movement is relatively 
free of frietion and is painless. In this eondition, the 
bnrsa has degenerated and the snpraspinatns tendon ex- 
hibits a loealized area of eollagen degeneration (see 

CD Fig. 13-5). 

15. B is the eorreet answer. The distal end of the palmar 
aponenrosis gives rise to fonr slips, whieh pass to the 
fonr medial fingers (see CD Fig. 13-9). 

16. e is the eorreet answer. The Aehilles tendon is inserted 
into the posterior snrfaee of the ealeanenm (see text 

Fig. 13-55). 

17. A is the eorreet answer. The gastroenemins mnsele is 
responsible for the baekward rotation of the distal frag- 
ment of the fraetnred femnr. 

18. e is the eorreet answer. The peronens longns everts the 
foot. 

19. D is the eorreet answer. Flexion of the hip joint (with 
the knee flexed) is limited by the thigh eoming in eon- 
taet with the anterior abdominal wall. 

20. D is the eorreet answer. The right glntens medins and 
the right glntens minimns tilt the pelvis so that the left 
lower limb is raised, thns permitting the left foot to be 
advaneed forward elear of the gronnd. 
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THE ShHL 


The Thinnest Part ni the Lateral 
Wall nf the Sknll 

The thinnest part of the lateral wall of the sknll is where 
the anteroinferior eorner of the parietal bone artienlates 
with the greater wing of the sphenoid; this point is known 
as the pterion. This is a very important area sinee it over- 
lies the anterior division of the middle meningeal artery 
and vein. 

FraetnrES nf the Sknll 

See ehapter 11 of the CD-ROM. 

Fraetnres nf the Faeial Dnnes 

See ehapter 11 of the CD-ROM. 



Hises in Snpratentnrial PrBssnre 

The eommon eanses of a rise in snpratentorial pressnre are 
intraeerebral hemorrhage, snbaraehnoid hemorrhage, snb- 
dnral hemorrhage, epidnral hemorrhage, and eerebral 
edema. Two forms of eandal herniation of the brain throngh 
the tentorial noteh of the tentorinm eerebelli ean oeenr as a 
resnlt of the raised snpratentorial pressnre: 

■ Oentral herniation syndrome: In this syndrome the 
thalamns and midbrain are pnshed eandally throngh the 
tentorial noteh. 

■ Uncal herniation syndrome: In this syndrome the nnens 
of the temporal lobe is displaeed medially and pnshes the 
midbrain against the opposite sharp edge of the tentorial 
noteh. At the same time, the displaeed nnens presses on 
the ipsilateral oenlomotor nerve at the noteh, resnlting in 
a slnggishly reaetive and dilated pnpil (CD Fig. 14-1). 

Rìses in SnbtBnlDriaf PrEssniB 

Posterior eranial fossa lesions sneh as those in eerebellar 
hemorrhage eanse a rise in pressnre that ean direetly eom- 
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CD Fìgure 14-1 A. Lateral view of the interior of the skull showing the falx eerebri, ten- 
toriunn eerebelli, and brainstem. As the result of abnormal supratentorial pressure, the un- 
cus of the left eerebral hemisphere has herniated down through the tentorial noteh of the 
tentorium eerebelli and is pressing on the left oculomotor nerve. B. The position of the 
uncus on the temporal lobe of the left eerebral hemisphere in a normal brain. 


press the brainstem or its blood snpply. Indireet eompres- 
sion ean follow upward herniation of the eerebellnm 
throngh the tentorial noteh or downward herniation of the 
eerebellar tonsils throngh the foramen magnnm. In the 
latter instanee the mednlla will also be displaeed and 
pressed npon. The problem ean be eomponnded by pres- 
snre on the eerebral aqueduet in the midbrain or the roof 
of the fonrth ventriele, prodneing an aente obstrnetive 
hydroeephalns. 


Movements oi the Braio Relative 
to the Skoll and Meninges in 
Head Injories 

Brain injnries are prodneed by displaeement and distortion of 
the nenronal tissnes at the moment of impaet (CD Fig. 14-2). 
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e 


seeondary trauma due to eerebral 
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CD Fìgure 14-2 A. Meehanisms of acute eerebral injury when a blow is applied to the 
lateral side of the head. B. Varieties of intraeranial hemorrhage. C. Meehanism of eerebral 
trauma following a blow on the ehin. The movement of the brain within the skull ean also 
tear the eerebral veins. 


The brain^ which is ineompressible^ may be likened to a log 
soaked with water floating in water. The brain is floating in 
the eerebrospinal flnid in the snbaraehnoid spaee and is ea- 
pable of a eertain amonnt of anteroposterior and lateral glid- 
ing movement. The anteroposterior movement is limited by 
the attaehment of the snperior eerebral veins to the snperior 
sagittal sinns. In lateral movements, the lateral snrfaee of one 
hemisphere hits the side of the sknll, and the medial snrfaee 
of the opposite hemisphere hits the side of the falx eerebri (see 
CD Fig. 14-2). In snperior movements, the snperior snrfaees 
of the eerebral hemispheres hit the vanlt of the sknll, and the 
snperior snrfaee of the eorpns eallosnm may hit the sharp free 


edge of the falx eerebri; the snperior snrfaee of the eerebellnm 
presses against the inferior snrfaee of the tentorinm eerebelli. 

It follows from these anatomie faets that blows on the 
front or baek of the head lead to displaeement of the brain, 
which may prodnee severe eerebral damage, stretehing and 
distortion of the brainstem, and stretehing and even tearing 
of the eommissnres of the brain. Blows to the side of the 
head prodnee less eerebral displaeemenh and the injnries to 
the brain consequently tend to be less severe. The falx eere- 
bri, however, is a tongh strnetnre and may eanse eonsider- 
able damage to the softer brain tissne in eases where there 
has been a severe blow to the side of the head (see CD Fig. 














The Skull, the Braìn, the Menìnges, and the Blood Supply of the Brain 215 


14-2). Furthermore, glaneing blows to the head may resnlt 
in eonsiderable rotation of the brain, eansing shearing 
strains and distortion, partienlarly in areas where fnrther ro- 
tation is prevented by bony prominenees in the anterior and 
middle eranial fossae. Brain laeerations are likely to oeenr 
when the brain is foreibly thrown against the sharp edges of 
bone within the skiill —the lesser wing of the sphenoid^ for 
example. 

When the brain is snddenly given momentnm within 
the sknll, the part of the brain that moves away from the 
sknll wall is snbjeeted to diminished pressnre, beeanse 
the eerebrospinal flnid has not had time to aeeommodate 
the brain movement (see CD Fig. 14-2). This resnlts in a 
snetion effeet on the brain snrfaee, with riiptnre of snrfaee 
blood vessels. 

A sndden severe blow to the head, as in an antomobile 
aeeident, may resnlt in damage to the brain at the following 
two sites: (1) at the point of impaet and (2) at the pole of the 
brain opposite the point of impaeh where the brain is 
thrown against the sknll wall. This is referred to as eontre- 
eonp injnry. 

Movements of the brain relative to the sknll and dnral 
septa may serionsly injnre the eranial nerves that are teth- 
ered as they pass throngh the varions foramina. This partie- 
nlarly applies to the long, slender nerves, sneh as the 
troehlear, abdneent, and oeenlomotor nerves. Fiirthermore, 
the fragile eortieal veins that tether the brain and drain into 
the dnral sinnses may be torn, resnlting in severe snbdnral 
or snbaraehnoid hemorrhage. The large arteries fonnd at 
the base of the brain are tortnons, and this, eonpled with 
their strong walls, explains why they are seldom damaged. 

intraeranial Hemnrrhage 

Intraeranial hemorrhage may resnlt from tranma or eerebral 
vasenlar lesions. Fonr varieties are eonsidered here: ex- 
tradnral, snbdnral, snbaraehnoid, and eerebral. 

Extradural hemorrhage resnlts from injnries to the 
meningeal arteries or veins. The most eommon artery to be 
damaged is the anterior division of the middle meningeal 
artery. A eomparatively minor blow to the side of the head, 
resnlting in fraetnre of the skiill in the region of the an- 
teroinferior portion of the parietal bone, may sever the 
artery. The arterial or venons injnry is espeeially liable to oe- 
enr if the artery and vein enter a bony eanal in this region. 
Bleeding oeenrs and strips the meningeal layer of dnra from 
the internal snrfaee of the sknll. The intraeranial pressnre 
rises, and the enlarging blood elot exerts loeal pressnre on 
the nnderlying motor area in the preeentral gyrns. Blood 
may also pass outward throngh the fraetnre line to form a 
soft swelhng nnder the temporalis musele. 

To stop the hemorrhage, the torn artery or vein mnst be 
ligated or plngged. The bnrr hole throngh the sknll wall 
shonld be plaeed abont 1 to 1.5 in. (2.5 to 4 em) above the 

midpoint of the zygomatie areh. 


Subdural hemorrhage resnlts from tearing of the snpe- 
rior eerebral veins at their point of entranee into the snpe- 
rior sagittal sinns. The eanse is nsnally a blow on the front or 
the baek of the head, eansing exeessive anteroposterior dis- 
plaeement of the brain within the sknll. 

This eondition^ whieh is mueh more eommon than 
middle meningeal hemorrhage, ean be prodneed by a snd- 
den minor blow. Onee the vein is torn, blood nnder low 
pressnre begins to aeenmnlate in the potential spaee be- 
tween the dnra and the araehnoid. In abont half the eases 
the eondition is bilateral. 

Aente and ehronie forms of the elinieal eondition oe- 
enr, depending on the speed of aeenmnlation of flnid in the 
snbdnral spaee. For example, if the patient starts to vomit, 
the venons pressnre will rise as a resnlt of a rise in the in- 
trathoraeie pressnre. IJnder these eirenmstanees, the snb- 
dnral blood elot will inerease rapidly in size and prodnee 
aente symptoms. In the ehronie form, over a eonrse of sev- 
eral months the small blood elot will attraet flnid by osmo- 
sis so that a hemorrhagie eyst is formed, whieh gradnally 
expands and prodnees pressnre symptoms. In both forms the 
blood elot mnst be removed throngh bnrr holes in the skull. 

CDMPUTED 
TDMDDRAPHY 
SEANS DT 
EnRADURAL AND 
SURDURAL 
HEMATDMAS 

The different appearanees of blood elots in these two eondi- 
tions as seen on eomputed tomography (CT) seans is related 
to the anatomy of the area (CD Fig. 14-3). In an extradural 
hemorrhage the blood strips the meningeal layer of the dnra 
from the endosteal layer of dnra (periostenm of the sknll), 
prodneing a lens-shaped hyperdense eolleetion of blood that 
eompresses the brain and displaees the midline strnetnres to 
the opposite side. The shape of the blood elot is determined 
by the adherenee of the meningeal layer of dnra to the 
periosteal layer of dnra. 

In patients with snbdnral hematoma the blood aeen- 
mnlates in the extensive potential spaee between the 
meningeal layer of dnra and the araehnoid, prodneing a 
long, ereseent-shaped, hyperdense rim of blood that extends 
from anterior to posterior along the inner snrfaee of the skull. 
With a large hematoma, the brain snlei are obliterated, and 
the midline strnetnres are displaeed to the opposite side. 
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CD Figure 14-3 Diagramnnatie representation of an extradural hemorrhage and a 
subdural hemorrhage. A. Extradural hemorrhage from the middle meningeal artery or 
vein on the left side. The hematoma is lens-shaped and occupies the spaee betvveen the 
endosteal layer of dura (periosteum of the skull) and the meningeal layer of dura (true 
dura, henee the name extradural). B. Subdural hemorrhage from the eerebral veins at the 
site of entranee into the venous sinus on the right side. The hematoma is ereseent-shaped 
and occupies the spaee betvveen the meningeal layer of dura and the araehnoid, (i.e., 
beneath the dura). 



The technique of eerebral arteriography is nsed to deteet ab- 
normalities of the eerebral arteries and loealization of spaee- 
oeenpying lesions sneh as tnmors, blood elots, or abseesses. 


With the patient nnder general anesthesia and in the snpine 
position, the head is eentered on a radiographie apparatns 
that will take repeated radiographs at 2-seeond intervals. 
Both anteroposterior and lateral projeetions are obtained. A 
radiopaque medinm is rapidly injeeted into the Inmen of 
the eommon earotid or vertebral arteries. As the radiopaque 
material is introdneed, a series of films are exposed. By this 
means the eerebral arteries ean be demonstrated and their 
position and pateney determined (CD Figs. 14-4 to 14-7). 
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CD Fìgure 14-4 Lateral internal earotid arteriogram. 


This technique is not without risk beeanse the insertion of a 
needle throngh the wall of an artery or the manipnlation of 
a eatheter within its Inmen may dislodge an atheromatons 
plaque, leading to eerebral embolism. 

eGngenilal AnEnrysms 

Gongenital anenrysms oeenr most eommonly at the site 
where two arteries join in the formation of the eirele of Wilhs 
(CD Fig. 14-8). At this point, there is a defieieney in the tu- 

niea media that so weakens the arterial wall that an anenrysm 
develops. The enlarging anenrysm may press on neighboring 
strnetnres, sneh as the optie, oenlomotor, troehlear, and ab- 
dneent nerves, and prodnee signs and symptoms or may snd- 
denly rnptnre into the snbaraehnoid spaee. 


Suharachnoid HemorrhagE 

Snbaraehnoid hemorrhage resnlts from leakage or rnptnre 
of a eongenital anenrysm on the eirele of Wilhs or, less eom- 
monly, from an angioma. The symptoms, which are sndden 
in onseh inelnde severe headaehe, stiffness of the neek, and 
loss of eonseionsness. The diagnosis is established by with- 
drawing heavily blood-stained eerebrospinal flnid throngh a 
Inmbar pnnetnre (spinal tap). 

CErEhral HamorrhagE 

Gerebral hemorrhage is generally eansed by rnptnre of the 
thin-walled lentienlostriate artery, a braneh of the middle 







218 Ghapter 14 


posterior parietal artery 


middle eerebral artery 


opereolofrontal braneh 


eallosomarginal trunk 


eortieal (frontal) 
branehes 

perieallosal artery 

/ 


anterior eerebral artery 



frontopolar artery 

\ 


ophthalmie artery 


internal earotid artery 
in cavernous sinus 

superficial temporal artery 

maxillary artery 


aseending palatine artery 


faeial artery 


lingual artery 


eortieal (parietal) branehes 


angular artery 



posterior temporal artery 


posterior eerebral 
artery 


posterior auricular artery 


oeeipital artery 


external earotid artery 


internal earotid artery 

in neek 


bifurcation of eommon earotid 

artery 

eommon earotid artery 


x-rays 



superior thyroid artery 


Gassette 


CD Fìgure 14-5 Main features that ean be seen in the arteriogrann in CD Fig. 14-4. 
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CD Fìgure 14-6 Anteroposterior internal earotid arteriogram. 


eerebral artery. The hemorrhage involves the vital eortieo- 
bnlbar and eortieospinal fibers in the internal eapsnle and 
prodnees hemiplegia on the opposite side of the body. The 
patient immediately loses eonseionsness, and the paralysis is 
evident when eonseionsness is regained. 

Cerebral isehemia 

It has been pointed ont that there are two distinet yet inter- 
eonneeted vasenlar systems snpplying the brain. The earotid 
arteries are the major snppliers of the eerebral hemispheres, 
and the basilar and vertebral arteries are the major snppliers 
of the brainstem and eerebellnm. The nenrologie defieit fol- 


lowing bloekage of one of the intraeranial vessels will depend 
on the loeation of the bloekage and the statns of the eollat- 
eral eirenlation. The blood snpply to the fnnetional areas of 
the eerebral eortex is shown in text Fig. 14-17. 

CErebral Artery DcclusÌDn 

Anterior Gerebral Artery Occlusion 

If the oeelnsion of the artery is proximal to the anterior eom- 
mnnieating artery, the eollateral eirenlation is nsnally ade- 
quate to preserve the eirenlation. Oeelnsion distal to the 
eommnnieating artery may prodnee the following signs and 
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CD Figure 14-7 Main features that ean be seen in the arteriogram in CD Fig. 14-6. 
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anterior communicating artery 





CD Fìgure 14-8 A. The formation of the eirele of VVillis from the two internal earotid and 
two vertebral arteries. B. The distribution of blood from the four main arteries. 


tion, the following may be seen: 

■ Loss of vision on the same side as the internal earotid 
artery oeelnsion dne to bloekage of the ophthalmie artery 

■ Deereased level of eonseionsnes 

Verlebral Artery DcdusÌDn 

This prodnees a variable elinieal pietnre and may inelnde 
the following signs and symptoms: 

■ Ipsilateral pain and temperatnre sensory loss of the faee and 
eontralateral pain and temperatnre sensory loss of the body 

■ Ipsilateral loss of the gag reflex, dysphagia, and hoarse- 
ness as the resnlt of lesions of the nnelei of the glos- 
sopharyngeal and vagns nerves 

■ Vertigo, nystagmns, nansea, and vomiting 

■ Ipsilateral Hornehs syndrome 

■ Ipsilateral ataxia 

If the lesion is more extensive, the eortieospinal traets 
This may prodnee all the symptoms and signs of anterior may be involved, prodneing eontralateral hemiparesis of the 
and middle eerebral artery oeelnsion, depending on the de- body. Gontralateral loss of position and vibration sense may 
gree of eollateral eirenlation at the eirele of Wilhs; in addi- also be lost dne to damage to the medial lemnisens. 


symptoms: 

■ Gontralateral hemiparesis and hemisensory loss involv- 
ing mainly the leg and foot 

■ Inability to identify objeets eorreetly, apathy, and person- 
ality ehanges 

Middle Gerebral Artery Occlusion 

Oeelnsion of the artery may prodnee the following signs and 

symptoms. 

■ Gontralateral hemiparesis and hemisensory loss 

■ Aphasia if the left hemisphere is affeeted (rarely if the 
right hemisphere is affeeted) 

■ Homonymons hemianopia 

■ Anosognosia if the right hemisphere is affeeted (rarely if 
the left hemisphere is affeeted) 

Internal CarDlid Artery DcclusÌDn 
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Basilar Artery DeemsÌDn 

Sinee this artery gives off nnmerons branehes to the pons, 
eerebellar pednneles, and eerebellnm, total bloekage of this 
artery ean prodnee lesions of the trigeminal, abdneent, and 
faeial nerve nnelei, quadriplegia, and eoma (retienlar for- 
mation). If oeelnsion is restrieted to branehes of the basilar 
artery, there may be eontralateral hemiparesis, eontralateral 
sensory loss, or evidenee of eerebellar dysfnnetion. 

Cenlral Braneh Artery Dednsinn 

Small artery oeelnsion will eanse diserete areas of brain 
neerosis. The signs and symptoms prodneed will obvionsly 
depend on the area involved. For example, a lesion of the in- 
ternal eapsnle may resnlt in eontralateral hemiplegia. 

Transient isehetnie Attaeks 

These are brief, self-limited foeal nenrologie defieits eansed 
by embolie or thrombotie oeelnsion of arteries snpplying the 
brain. The signs and symptoms will depend on the area of 
brain involved. 

For fnrther information on the elinieal nenroanatomy 
of this area, please eonsnlt Clinical Nenroanatomy, 6th ed., 
by R.S. Snell, Lippineott Wilhams & Wilkins. 

Hydrneephalns 

Hydroeephalns is an abnormal inerease in the volnme of the 
eerebrospinal flnid within the sknll. If hydroeephalns is ae- 
eompanied by raised eerebrospinal flnid pressnre, it is 
eansed by either (I) an abnormal inerease in flnid formation, 
(2) bloekage of the flnid eirenlation, or (3) diminished ab- 
sorption of the flnid. Rarely, hydroeephalns oeenrs with nor- 
mal eerebrospinal flnid pressnre, and in these patients eom- 
pensatory hypoplasia or atrophy of the brain snbstanee exists. 

When the bloek of the movement of eerebrospinal flnid 
lies within the brain, the hydroeephalns is the noneommn- 
nieating type (i.e., the eerebrospinal flnid inside the brain 
does not eommnnieate with that on the ontside). If the flnid 
is able to pass throngh the roof of the fonrth ventriele into 


the snbaraehnoid spaee and eannot be absorbed by the 
araehnoid villi, the hydroeephalns is the eommnnieating 
type (i.e., the eerebrospinal flnid inside the brain eommn- 
nieates with that on the ontside). 

Hydrocephalus Resulting from 
Excessive Formation of 
Gerebrospinal Fluid 

This eondition is rare and may oeenr when there is a tnmor 
of the ehoroid plexuses. 

Hydrocephalus Resulting from Bloek- 
age of Gerebrospinal Fluid Circulation 

An obstrnetion of the interventrienlar foramen by a tnmor 
will bloek the drainage of the lateral ventriele on that side. 
The eontinned prodnetion of eerebrospinal flnid by the 
ehoroid plexus of that ventriele will eanse distention of that 
ventriele and atrophy of the snrronnding nenral tissne. 

An obstrnetion in the eerebral aqueduet in the mid- 
brain may be eongenital or resnlt from inflammation or 
pressnre from a tnmor. This eanses a symmetrieal disten- 
sion of both lateral ventrieles and distension of the third 
ventriele. 

Obstrnetion of the foramina in the roof of the fonrth 
ventriele by inflammatory exudate, or by tnmor growth, will 
prodnee symmetrieal dilatation of both lateral ventrieles 
and the third and fonrth ventriele. 

Sometimes inflammatory exudate seeondary to menin- 
gitis will bloek the snbaraehnoid spaee and obstrnet the flow 
of eerebrospinal flnid over the onter snrfaee of the eerebral 
hemispheres. Here, again, the entire ventrienlar system of 
the brain will beeome distended. 

Hydrocephalus Resulting from 
Diminished Absorption of 
Gerebrospinal Fluid 

Interferenee with the absorption of eerebrospinal flnid at the 
araehnoid grannlations ean be eansed by inflammatory exu- 
date, venons thrombosis or pressnre on the venons sinnses, 
or obstrnetion of the internal jngnlar vein. 


□inieal Prnblem SnlvinD Dnestinns 


Read the following ease histories/questions and give 
the best answer for eaeh. 

I. A 36-year-old man was admitted to the emergeney de- 
partment nneonseions. He had been hit on the side of 
the head by a taxi while erossing the road. On examina- 


tion, he was fonnd to have a dongh-like swelling over the 
right temporalis mnsele. He also had the signs of right- 
sided hemiplegia. Later, a right-sided, fixed, dilated pnpil 
developed. A lateral radiograph of the sknll showed a lin- 
ear fraetnre rnnning downward and forward aeross the 
right pterion. His eoma deepened, and he died 6 honrs 
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after the aeeident. Using yonr knowledge of anatomy, 
make the diagnosis. Explain the elinieal findings. How 
would yon explain the homolateral hemiplegia? 

2. Severe injnry to the soft strnetnres within the sknll may 
follow head tranma. What strnetnres exist within the 
sknll to limit damage to the eerebral hemispheres and 
other parts of the brain? Whieh blood vessels are dam- 
aged more eommonly, the eerebral arteries or the 
eerebral veins? Whieh eranial nerves are likely to be 
damaged in head injnries? What is the reason for their 
snseeptibility? 

3. A 51-year-old woman was examined in the emergeney 
department eomplaining of a severe headaehe. She said 
that the headaehe had started abont 1 honr after she 
had hit her head on the mantle pieee of a fireplaee af- 
ter bending down to poke the fire. Fonr honrs later it 
was notieed that she was beeoming mentally eonfnsed 
and was developing a left-sided hemiplegia on the side 
opposite the head injnry. Her deep reflexes were exag- 
gerated, and she had a positive Babinski response on the 
left side. A CT sean demonstrated a right snbdnral 
hematoma. Explain in anatomie terms the develop- 
ment of a snbdnral hematoma. 

4. Whieh part of the base of the sknll is most prone to frae- 
tnre? Can yon give an anatomie reason for this answer? 

5. It is not nneommon to read in newspapers of the snr- 
vival of a baby that has fallen from a great heighk sneh 


as a third-floor window, and yet it is known that if an 
adnlt falls from a similar heighk it would be fatal. Can 
yon give an anatomie explanation, based on age, for this 
differenee in snrvival? 

6. Using yonr knowledge of the anatomie pathways along 
whieh the eerebrospinal flnid flows, name the sites at 
whieh pathologie bloekage may oeenr. 

7. There are no anastomoses of elinieal importanee be- 
tween the terminal end arteries within the brain snb- 
stanee, bnt there are many important anastomoses be- 
tween the large arteries, both within and ontside the 
sknll, and these may play a major role in determining 
the extent of brain damage in eerebral vasenlar disease. 
Name the sites at whieh important arterial anastomoses 
take plaee. 

8. A 35-year-old man was seen in the emergeney depart- 
ment with a history of sndden exerueiating, generalized 
headaehe while gardening. Ten minntes later the pa- 
tient eollapsed to the gronnd in a state of nneonseions- 
ness. After being earried indoors and plaeed on a settee, 
he regained eonseionsness bnt appeared eonfnsed. He 
eomplained of a severe headaehe and a stiff neek. Phys- 
ieal examination revealed some rigidity of the neek bnt 
nothing fnrther. A earefnl nenrologie examination 4 
days later revealed some loss of tone of the mnseles of 
the left leg. Using yonr knowledge of anatomy, make a 
diagnosis. What eansed the neek rigidity? 


AnswBrs and Exn anations 




1. The initial loss of eonseionsness was dne to eerebral 
tranma. The swelhng over the right temporalis mnsele 
and the radiographie finding of a linear fraetnre over 
the anterior inferior angle of the right parietal bone 
(pterion) would snggest that the right middle 
meningeal artery had been damaged and an extradural 
hemorrhage had oeenrred. Blood had extravasated 
throngh the fraetnre line into the overlying temporalis 
mnsele and soft tissne. The right homolateral hemi- 
plegia was dne to the eompression of the left eerebral 
pednnele against the edge of the tentorial noteh of the 
tentorinm eerebelli. This is nnnsnal. A left hemiplegia 
dne to pressnre on the right preeentral gyrns is more 
eommon. 

The right-sided, fixed, dilated pnpil was dne to the 
pressnre on the right oenlomotor nerve by the hip- 
poeampal gyrns, whieh had herniated throngh the ten- 
torial noteh. 


2. The meninges and the eerebrospinal flnid afford a re- 
markable degree of proteetion to the brain tissne. The 
dnral partitions limit the extent of side-to-side, forward 
and baekward, and rotation movements of the brain 
within the sknll. 

The thin-walled eerebral veins are liable to be damaged 
dnring exeessive movements of the brain relative to the 
sknll, espeeially at the point where the veins join the 
dnral venons sinnses. The thiek-walled eerebral arteries 
are rarely damaged. 

The small-diameter eranial nerves of long length are 
partienlarly prone to damage dnring head injnries. The 
troehlear, abdneenp and oenlomotor nerves are eom- 
monly injnred. 

3. A snbdnral hematoma is an aeenmnlation of blood elot 
in the interval between the meningeal layer of dnra and 
the araehnoid mater. It resnlts from tearing of the snpe- 
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rior eerebral veins at their point of entranee into the su- 
perior sagittal sinns. The eanse is nsnally a blow to the 
front or the baek of the head (whieh may be minor)^ re- 
snlting in exeessive anteroposterior displaeement of the 
brain within the sknll. 

4. The middle eranial fossa is the part of the sknll most 
prone to fraetnre, sinee it possesses nnmerons foramina 
and eanals and has air spaees, namely, the sphenoid air 
sinns and the tympanie eavity. The foramen magnnm 
in the posterior eranial fossa is very large bnt its bonnd- 
aries are extremely thiek. 

5. In infants the sknll bones are more resilient than in 
adnlts, and they are separated by fibrons sntnral liga- 
ments. In adnlts the inner table of the sknll is partien- 
larly brittle and the sntnral ligaments begin to ossify 
dnring middle age. 

6. The eommon sites for bloekage of the flow of eere- 
brospinal flnid are where the passages are narrowesh 
namely, the interventrienlar foramina (between the lat- 
eral and third ventrieles), the eerebral aqueduet of the 
midbrain, the median apertnre, and the lateral aper- 
tnres in the roof of the fonrth ventriele. It is possible for 
inflammatory exudate seeondary to meningitis or a 
eerebral tnmor to narrow down or even obliterate the 
opening in the tentorial noteh so that the passage of the 
eerebrospinal flnid to the onter snrfaee of the eerebral 
hemisphere is impeded or stopped. Inflammatory exu- 
date may also bloek the drainage of the flnid into the su- 
perior sagittal sinns at the araehnoid villi. 


7. Onee the terminal branehes of the eerebral arteries 
enter the brain snbstanee, no fnrther anastomoses oe- 
enr. Bloekage of sneh end arteries by disease is quiekly 
followed by nenronal death and neerosis. The follow- 
ing important anastomoses exist between the eerebral 
arteries: (1) the eirele of Willis, (2) anastomoses be- 
tween the branehes of the eerebral arteries on the snr- 
faee of the eerebral hemispheres and the eerebellar 
hemispheres, and (3) anastomoses between the 
branehes of the internal and external earotid arteries at 
their origin at the eommon earotid artery, at the anas- 
tomosis between the branehes of the ophthalmie 
artery within the orbit and the faeial and maxillary ar- 
teries, and between the meningeal branehes of the in- 
ternal earotid artery and the middle meningeal artery. 

8. This patient had a eongenital anenrysm of the anterior 
eommnnieating artery. The sndden onset of a severe 
headaehe, whieh is often so dramatie that the patient 
feels as thongh he has been hit on the head, is ehar- 
aeteristie of rnptnre of a eongenital anenrysm into the 
snbaraehnoid spaee. The stiff or rigid neek is dne to 
meningeal irritation eansed by the presenee of blood 
in the snbaraehnoid spaee. This patient had no 
evidenee of previons pressnre on the optie nerve lead- 
ing to nnilateral visnal defeet, whieh sometimes oe- 
enrs when the anenrysm is sitnated on the anterior 
part of the eirele of Willis. The loss of tone in the left 
leg mnseles is diffienlt to explain, althongh it may be 
dne to penetration of the hemorrhage into the right 
eerebral hemisphere. 
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CLINICAL TESTING 
DT THE eRANIAL 
NERVE5 

Systematie examination of the 12 eranial nerves is an im- 
portant part of the examination of every nenrologie patient. 
It may reveal a lesion of a eranial nerve nnelens or its een- 
tral eonneetions, or it may show an interrnption of the lower 
motor nenrons. 

The letter symbols eommonly nsed to indieate the 
fnnetional eomponents of eaeh eranial nerve are shown in 
text Table 15-1. The different eomponents of the eranial 
nerves, their fnnetions, and the openings in the sknll 
throngh whieh the nerves leave the eranial eavity are snm- 
marized in text Table 15-2. 

Testing Ihe Integrity nf the 
Dlfaetnry Nerve 

The olfaetory nerve ean be tested by applying snbstanees 
with different odors to eaeh nostril in tnrn. It shonld be re- 
membered that food flavors depend on the sense of smell 
and not on the sense of taste. Fraetnres of the anterior era- 
nial fossa or eerebral tnmors of the frontal lobes may pro- 
dnee lesions of the olfaetory nerves, with eonsequent loss of 
the sense of smell (anosmia). 

Testing Ihe Integrity nf the 
Dptie Nerve 

The optie nerve is evalnated by first asking the patient 
whether any ehanges in eyesight have been noted. The aen- 
ity of vision is then tested by nsing eharts with lines of print 
of varying size. The retinas and optie dises shonld then be 
examined with an ophthalmoseope. When examining the 
optie dise, it shonld be remembered that the intraeranial 
snbaraehnoid spaee extends forward aronnd the optie nerve 
to the baek of the eyeball. The retinal artery and vein rnn in 
the optie nerve and eross the snbaraehnoid spaee of the 
nerve sheath a short distanee behind the eyeball. A rise in 
eerebrospinal flnid pressnre in the snbaraehnoid spaee will 
eompress the thin walls of the retinal vein as it erosses the 
spaee, resnlting in eongestion of the retinal veins, edema of 
the retina, and bnlging of the optie dise (papilledema). 

The visnal fields shonld then be tested. The patient is 
asked to gaze straight ahead at a fixed objeet with the eye be- 
ing tested, with the opposite eye eovered. A small objeet is 
then moved in an are aronnd the periphery of the field of vi- 
sion, and the patient is asked whether he or she ean see the 



objeet. It is important not to miss loss or impairment of 
vision in the eentral area of the field (eentral seotoma). 

Blindness in one half of eaeh visnal field is ealled hemi- 
anopia. Lesions of the optie traet and optie radiation 
prodnee the same hemianopia for both eyes, that is, 
homonymons hemianopia. Bitemporal hemianopia is a loss 
of the lateral halves of the fields of vision of both eyes (i.e., 
loss of fnnetion of the medial half of both retinas). This eon- 
dition is most eommonly prodneed by a tnmor of the pitn- 
itary gland exerting pressnre on the optie ehiasma. 

Testing IIie Integrily nf the 
Denlnmntnr, Trnehlear, and 
Abdneent Nerves 

The oenlomotor, troehlear, and abdneent nerves innervate 
the mnseles that move the eyeball. The oenlomotor nerve 
snpplies all the orbital mnseles exeept the snperior obhque 
and the lateral reetns. It also snpplies the levator palpebrae 
snperioris and the smooth mnseles eoneerned with aeeom- 
modation —namely, the sphineter pnpillae and the eiliary 
mnsele. The troehlear nerve snpplies the snperior obhque 
mnsele, and the abdneent nerve snpplies the lateral reetns. 

To examine the oenlar mnseles, the patienfs head is 
fixed and he or she is asked to move the eyes in tnrn to the 
left, to the right, upward, and downward, as far as possible in 
eaeh direetion. 

In eomplete third-nerve paralysis the eye eannot be 
moved upward, downward, or inward. At rest the eye looks 
laterally (external strabismns) beeanse of the aetivity of the 
lateral reetns and downward beeanse of the aetivity of the su- 
perior obhque. The patient sees donble (diplopia). Droop- 
ing of the npper eyelid (ptosis) oeenrs beeanse of paralysis of 
the levator palpebrae snperioris. The pnpil is widely dilated 
and nonreaetive to light beeanse of the paralysis of the 
sphineter pnpillae and the nnopposed aetion of the dilator 
pnpillae (snpplied by the sympathetie). Aeeommodation of 
the eye is paralyzed. 

In fonrth-nerve paralysis the patient eomplains of don- 
ble vision on looking straight downward. This is beeanse the 
snperior obhque is paralyzed and the eye tnrns medially as 
the inferior reetns pnlls the eye downward. 

In sixth-nerve paralysis the patient eannot tnrn the eye- 
ball laterally. When looking straight ahead, the lateral reetns 
is paralyzed, and the nnopposed medial reetns pnlls the 
eyeball medially, eansing internal strabismns. 

Testing the Integrily nf the 
Trigetninal Nerve 

The trigeminal nerve has sensory and motor roots. The sen- 
sory root passes to the trigeminal ganglion^ from whieh 
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emerge the ophthalmie (VI), maxillary (V2), and mandibn- 
lar (V3) divisions. The motor root joins the mandibnlar 
division. 

The sensory fnnetion ean be tested by nsing a eotton 
wisp over eaeh area of the faee snpplied by the divisions of 
the trigeminal nerve (CD Fig. 15-1). 

The motor fnnetion ean be tested by asking the patient 
to eleneh the teeth. The masseter and the temporalis mns- 
eles, whieh are innervated by the mandibnlar division of the 
trigeminal nerve, ean be palpated and felt to harden as they 
eontraet. 

TEsting Ihe IntEgrity nf thE 

Faeial Nefve 

The faeial nerve snpplies the mnseles of faeial expression; 
snpplies the anterior two thirds of the tongne with taste 
fibers; and is seeretomotor to the laerimal, snbmandibnlar, 
and snblingnal glands. 


The anatomie relationship of this nerve to other strne- 
tnres enables a physieian to loealize lesions of the nerve ae- 
enrately. If the sixth and seventh nerves are not fnnetioning, 
this would snggest a lesion within the pons of the brain. If 
the eighth and seventh nerves are not fnnetioning, this 
would snggest a lesion in the internal aeonstie meatns. If the 
patient is exeessively sensitive to sonnd in one ear, the lesion 
probably involves the nerve to the stapedins. Loss of taste 
over the anterior two thirds of the tongne implies that the 
seventh nerve is damaged proximal to the point where it 
gives off the ehorda tympani. 

To test the faeial nerve, the patient is asked to show the 
teeth by separating the lips with the teeth elenehed, and 
then to elose the eyes. Taste on eaeh half of the anterior two 
thirds of the tongne ean be tested with sngar, salt, vinegar, 
and quinine for the sweet, salty, sonr, and bitter sensations, 
respeetively. 

It shonld be remembered that the part of the faeial 
nerve nnelens that eontrols the mnseles of the npper part of 
the faee reeeives eortieobnlbar fibers from both eerebral 


V1 (ophthalmie 
division) 


greater 
oeeipital 
nerve (C2) 


great auricular 
nerve (C2 and C3) 


posterior 

primary 

rami 



V2 (maxillary 
division) 


V3 (mandibular 
division) 


anterior primary 


C4 

CD Fìgure 15-1 The faeial cutaneous distribution of the ophthalmie (VI), maxillary (V2), 
and mandibular (V3) divisions of the trigeminal nerve. Note that the skin over the angle of 
the jaw is supplied by the great auricular nerve (C2 and C3 segments of the spinal eord). 
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eortiees. Therefore, in patients with an npper motor nenron 
lesion, only the mnseles of the lower part of the faee will be 
paralyzed. However, in patients with a lower motor nenron 
lesion, all the mnseles on the affeeted side of the faee will be 
paralyzed. The lower eyelid will droop, and the angle of the 
month will sag. Tears will flow over the lower eyelid, and 
saliva will dribble from the eorner of the month. The patient 
will be nnable to elose the eye and eannot expose the teeth 
fnlly on the affeeted side. 

Testing Ihe Integrity nf the 
Vestihnlnenehlear Nerve 

The vestibnloeoehlear nerve innervates the ntriele and sae- 
enle, whieh are sensitive to statie ehanges in equihbrium; 
the semieirenlar eanals, whieh are sensitive to ehanges in 
dynamie equihbrium; and the eoehlea, whieh is sensitive to 
sonnd. 

Distnrbanees of vestibnlar fnnetion inelnde dizzi- 
ness (vertigo) and nystagmns. The latter is an nneontrol- 
lable pendnlar movement of the eyes. Distnrbanees of 
eoehlear fnnetion reveal themselves as deafness and ringing 
in the ears (tinnitns). The patienhs ability to hear a voiee or 
a tnning fork shonld be tested, with eaeh ear tested 
separately. 

Testing Ihe Integrity nf the 
Glnssnpharyngeal Nerve 

The glossopharyngeal nerve snpplies the stylopharyngens 
mnsele and sends seeretomotor fibers to the parotid gland. 
Sensory fibers innervate the posterior one third of the 
tongne. 

The integrity of this nerve may be evalnated by testing 
the patienhs general sensation and that of taste on the poste- 
rior third of the tongne. 

Testing Ihe Integrity nf the 
Vagns Nerve 

The vagns nerve innervates many important organs, bnt the 
examination of this nerve depends on testing the fnnetion of 
the branehes to the pharynx, soft palate, and larynx. The 
pharyngeal reflex may be tested by tonehing the lateral wall 
of the pharynx with a spatnla. This shonld immediately 
eanse the patient to gag—that is, the pharyngeal mnseles 
will eontraet. 

The innervation of the soft palate ean be tested by ask- 
ing the patient to say ''ah.” Normally, the soft palate rises 
and the nvnla moves baekward in the midline. 

All the mnseles of the larynx are snpplied by the reenr- 
rent laryngeal braneh of the vagns, exeept the erieothyroid 


mnsele, whieh is snpplied by the external laryngeal braneh 
of the snperior laryngeal braneh of the vagns. Hoarseness or 
absenee of the voiee may oeenr. Laryngoseopie examination 
may reveal abdnetor paralysis. 

Testing IIie Integrily nf the 
Aeeessnry Nerve 

The aeeessory nerve snpplies the sternoeleidomastoid and 
the trapezins mnseles by means of its spinal part. The pa- 
tient shonld be asked to rotate the head to one side against 
resistanee, eansing the sternoeleidomastoid of the opposite 
side to eome into aetion. Then the patient shonld be asked 
to shrng the shonlders, eansing the trapezins mnseles to 
eome into aetion. 

Testing the Integrity nf the 
Hypnglnssal Nerve 

The hypoglossal nerve snpplies the mnseles of the tongne. 
The patient is asked to pnt ont the tongne, and if a lesion 
of the nerve is present, it will be noted that the tongne 
deviates toward the paralyzed side (CD Fig. 15-2). This 
ean be explained as follows. One of the genioglossns mns- 
eles, whieh pnll the tongne forward, is paralyzed on the af- 
feeted side. The other, normal genioglossns mnsele 
pnlls the nnaffeeted side of the tongne forward, leaving the 
paralyzed side of the tongne stationary. The resnlt is the 
tip of the tongne's deviation toward the paralyzed side. 
In patients with long-standing paralysis, the mnseles on the 
affeeted side are wasted, and the tongne is wrinkled on 


CLINICAL 
ANATDMY DF 
TRIGEMINAL 
NERVE ELDCRS 

Dphthalinie Nerve Blaek 

The terminal branehes of the ophthalmie division of the 
trigeminal nerve that emerge onto the faee and nose inelnde 
the snpraorbital, snpratroehlear, infratroehlear, external 
nasal, and laerimal nerves (CD Fig. 15-3). The latter nerve 
gives off only a few branehes to the skin and is seldom 
bloeked. 


that side. 
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right 



genioglossus 

muscle 




CD Fìgure 15-2 Diagrannnnatie rep- 
resentation of the aetion of the right 
and left genioglossos nnoseles of the 
tongue. A. The right and left nnuscles 
eontraet equally together and as a re- 
sult (B) the tip of the tongue is pro- 
truded in the midline. C. The right 
hypoglossal nerve (vvhieh innervates 
the genioglossus muscle and the in- 
trinsie tongue muscles on the same 
side) is cut and as a result the right 
side of the tongue is atrophied and 
vvrinkled. D. When the patient is 
asked to protrude the tongue, the tip 
points to the side of the nerve lesion. 
E. The origin and insertion and diree- 
tion of pull of the genioglossus mus- 
ele. 


supraorbital nerve 


supratrochlear nerve 

laerimal nerve 
infratroehlear nerve 


external nasal nerve 



CD Figure 15-3 Anterior vievv of the skull shovving the 
branehes of the ophthalmie (VI) division of the trigeminal 
nerve emerging onto the faee. 


Supraorbital Nerve Bloek 

This involves the following: 

Area of Anesthesia 

Skin of the npper eyelid, the forehead, and the sealp as far 
baek as the vertex (CD Fig. 15-4) 

indieations 

Repair of laeerations of the npper eyelid, forehead, and sealp 

Procedure 

The snpraorbital nerve emerges from the orbital eavity in the 
same vertieal plane as the pnpil when the patient is looking 
straight ahead (see CD Fig. 15-4). If the nerve passes throngh 
the snpraorbital noteh, this ean easily be palpated on the 
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CD Fìgure 15-4 Supraorbitab supratrochlear, infratroehlear, and external nasal nerve 
bloeks. A. The positions of the nerves on the faee; the supraorbital nerve ennerging fronn 
the orbital eavity in the same vertieal plane as the pupil. B. The areas of skin anesthetized 
by bloeking these nerves. C. Sites vvhere the nerves may be bloeked. The supraorbital and 
supratrochlear nerves may be bloeked by raising a horizontal vvheal of anesthetie solution 
above the orbital margin. 


supraorbital margin, which is the site for injeetion. If the 
noteh is a foramen, however, it is small and diffienlt to feel, 
and the needle is inserted into the skin over the snpraorbital 
margin in line with the piipil. 

Supratrochlear Nerve Bloek 

This involves the following: 

Area of Anesthesia 

Skin of the npper eyelid and the lower forehead elose to the 
midline (see CD Fig. 15-4) 


indieations 

Repair of laeerations of the medial end of the eyelid and the 
forehead elose to the midline 

Procedure 

The siipratroehlear nerve winds aronnd the snpraorbital 
margin aboiit a fingerbreadth medial to the snpraorbital 
nerve. The needle is inserted at the point where the 
bridge of the nose meets the siipraorbital margin (see CD 

Fig. 15-4). 
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Infratroehlear Nerve Bloek 

This involves the following: 

Area of Anesthesia 

Skin of the medial ends of the eyelids and the side of the root 
of the nose (see CD Fig. 15-4) 

indieations 

Repair of laeerations of the medial eyelids and the root of 
the nose 

Procedure 

The infratroehlear nerve emerges from the orbital eavity at 
the jnnetion of the snperior and medial walls, whieh is the 
site for injeetion (see CD Fig. 15-4). 

External Nasal Nerve Bloek 

This involves the following: 

Area of Anesthesia 

Skin of the side of the nose down as far as the tip (see CD 

Fig. 15-4) 

indieations 

Repair of laeerations of the skin of the nose 


Procedure 

The external nasal nerve is bloeked at the point where it 
emerges between the nasal bone and the npper lateral nasal 

eartilage (see CD Fig. 15-4). 

Maxillary Nerve Bloek 

This bloek is not nsed in emergeney medieine. The infraor- 
bital nerve, whieh is a eontinnation of the maxillary nerve 
onto the faee, is eommonly bloeked. Oeeasionally, the 
pterygopalatine ganglion is bloeked. 

Infraorbital Nerve Bloek 

This involves the following: 

Area of Anesthesia 

Skin of the lower eyelid, the lateral nose, the eheek, and 
the skin and mneons membrane of the npper lip and the 
npper gingiva. Sinee the anesthetie agent also bloeks the an- 
terior and middle snperior alveolar nerves, the npper 
ineisor, eanine, and premolar teeth are also affeeted (CD 

Fig. 15-5). 

indieations 

Laeerations of the eheek, side of the nose, and the npper lip 


trigeminal nerve 


foramen rotundum 


zygomatie areh 
(partially removed 

for elarity) 

lateral 

pterygoid 

plate 



maxillary nerve (V2) in 
pterygopalatine fossa 


infraorbital nerve 


anterior superior alveolar nerve 
middle superior alveolar nerve 

pterygopalatine ganglion 
pterygopalatine fossa 

posterior superior 
alveolar nerve 



mandibular 


CD Figure 15-5 Lateral view of the skull showing the maxillary (V2) division of the 
trigeminal nerve leaving the trigeminal ganglion and passing forward to beeome the infra- 
orbital nerve, which emerges on the faee. Note the loeation of the pterygopalatine gan- 
glion (parasympathetie) in the pterygopalatine fossa. Note also the sensory innervation of 
the teeth of the upper jaw. 
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Procedure 

The infraorbital nerve emerges from the infraorbital 
foramen as a direet eontinnation of the maxillary nerve 
(CD Fig. 15-6). The opening of the foramen is sitnated abont 
1 em below the midpoint of the lower border of the orbit and 
faees downward and medially. 

Intraoral Method 

With the index finger of the left hand palpating the infraor- 
bital foramen throngh the skin of the eheek and serving as a 
gnide, the needle is inserted into the refleetion of the mu- 
eons membrane from the npper lip onto the gingiva (see 
CD Fig. 15-6). The site for the needle insertion is jnst pos- 
terior to the eanine tooth and is direeted upward to the 
infraorbital foramen. 

Extraoral Method 

The infraorbital foramen is palpated below the lower mar- 
gin of the orbit, and the needle is inserted throngh the skin 


and is direeted upward and outward toward the foramen 

(see CD Fig. 15-6). 

Pterygopalatine Ganglion Bloek 

The pterygopalatine ganglion is a small parasympathetie 
ganglion and is snspended from the lower border of the max- 
illary nerve in the pterygopalatine fossa (CD Fig. 15-7). Pass- 
ing throngh the ganglion without interrnption are the sen- 
sory fibers from the orbih the nose, the hard and soft palate, 
the gnms, and the tonsillar region of the pharynx. 

Area of Anesthesia 

The lower nasal eavity, hard and soft palates, the npper gnm, 
the teeth of the npper jaw, and the tonsillar region of the 
pharynx 

indieations 

Repair of laeerations involving the palate 




infraorbital nerve 


infraorbital 
nerve area 






CD Fìgure 15-6 Infraorbital nerve bloek. A. 
Extraoral method shovvsthe infraorbital nerve 
emerging from the infraorbital foramen. The 
infraorbital foramen lies on the same vertieal 
line that passes throogh the sopraorbital 
noteh, the mental foramen, and the first pre- 
molartooth. The bloeking needle is inserted in 
the direetion of the infraorbital foramen just 
belovv the lovver margin of the orbit. B. The 
area of skin anesthetized by bloeking the infra- 
orbital nerve. C. Intraoral method. The needle 
is inserted into the refleetion of the mucous 
membrane from the upper lip onto the gingiva 
just posterior to the eanine tooth and is di- 
reeted tovvard the infraorbital foramen. 
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CD Fìgure 15-7 Bloeking the ptery- 
gopalatine ganglion. A. Lateral view of the 
skull showing the insertion of the needle 
into the greater palatine foramen in order 
to bloekthe ganglion. B. The undersurface 
of the palate showing the position of the 
greater palatine foramen in relation to the 
upper third molar tooth and the soft 
palate. Note the distribution of the 
branehes of the maxillary nerve through 
the ganglion to the walls of the nose and 
the palate. 


Procedure 

The ganglion and, therefore, the sensory fibers may be 
bloeked by inserting a long-angled needle into the 
greater palatine foramen with the month wide open (see CD 
Fig. 15-7). The foramen is loeated at the posterior portion of 
the hard palate jnst medial to the gnmline of the third molar 
tooth. The greater palatine foramen leads snperiorly into the 
pterygopalatine fossa. Injeetion of the anesthetie bloeks the 
greater and lesser palatine nerves, the orbital nerves, the nasal 
nerves, and the pharyngeal nerves. 

Mandibular Nerve Bloek 

This bloek is rarely nsed. However, the anrienlotemporal 
nerve, the lingnal nerve, and the inferior alveolar nerve, 
whieh are branehes of the mandibnlar nerve^ are eommonly 
bloeked. 


Auriculotemporal Nerve Bloek 

This involves the following: 

Area of Anesthesia 

The external anditory meatns, the tympanie membrane, the 
npper part of the anriele, and the sealp in the temporal re- 

gion (GDFig. 15-8) 

indieations 

Repair of laeerations of the anriele and sealp 

Procedure 

The anrienlotemporal nerve is easily bloeked as it aseends in 
front of the anriele over the posterior root of the zygoma, be- 
hind the snperfieial temporal artery (see CD Fig. 15-8). 
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CD Fìgure 15-8 Bloeking the au- 
riculotennporal nerve. A. The rela- 
tionship of the auriculotennporal 
nerve to the superficial temporal 
artery and the tragus of the ear. 
Note the area of skin supplied by 
this sensory nerve. The needle is in- 
serted just behind the pulsating su- 
perfieial temporal artery and in 
front of the tragus; the needle is di- 
reeted horizontally medially. B. The 
surface marking of the auriculotem- 
poral nerve and its relationship to 
the superficial temporal artery and 
the temporomandibular joint. X 
marks the site for injeetion. 


Anatomy of Complications 

The superficial temporal artery may be piereed if the needle 
is inserted too far anteriorly. 

Lingual Nerve and Inferìor Alveolar 
Nerve Bloeks 

These involve the following: 

Area of Anesthesia 

The lingnal nerve snpplies the mneons membrane of the an- 
terior two thirds of the tongne and the floor of the month (taste 
is siipplied by the ehorda tympani braneh of the faeial nerve), 


and the lower gnms. The inferior alveolar nerve snpplies the 
lower teeth and gums and the skin of the lower lip and ehin. 

indieations 

Repair of laeerations of the tongne, floor of the month, and 
lower lip and ehin 

Procedure 

Both the lingnal and inferior alveolar nerves may be bloeked 
as they pass downward and forward in the infratemporal 
fossa on the lateral snrfaee of the medial pterygoid mnsele 
and on the medial snrfaee of the ramns of the mandible 
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(CD Fig. 15-9). With the patienfs month wide open, the an- 
terior border of the ramns of the mandible is palpated jnst 
above the third molar tooth. The bloeking needle is inserted 
above the palpating finger and between the mneosa and the 
inner snrfaee of the ramns of the mandible, and the barrel 
of the syringe lies in line with the interval between the 
bienspids on the opposite side of the mandible (see CD Fig. 
15-9). The needle is advaneed posteriorly and slightly snpe- 
riorly nntil the tip lies in elose proximity to the mandibnlar 
foramen. The anesthetie solntion will infiltrate aronnd the 
nerves. 

Mental Nerve Bloek 

This involves the following: 

Area of Anesthesia 

The lower lip and gnms 


indieations 

Repair of laeerations of the lower lip 

Procedure 

The mental nerve may be bloeked as it emerges from the 
mental foramen on the body of the mandible (CD Fig. 15- 
10). The foramen lies on the same vertieal line that passes 
throngh the snpraorbital noteh, the infraorbital foramen, 
and the first premolar tooth. 

Intraoral Method 

The left index finger palpates the position of the mental 
foramen. The needle is inserted throngh the reflexion of the 
mneons membrane from the lower lip onto the gnm 
between the apiees of the premolar teeth (see CD Fig. 15- 
10). The point of the needle is direeted toward the mental 
foramen. 
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CD Fìgure 15-9 Lingoal and inferior alveolar 
nerve bloeks. A. The loeation of the boeeak lin- 
guaL and inferior alveolar nerves in relation to 
the mandible. B. The needle is inserted just 
abovethe lovverthird molartooth and direeted 
betvveen the mucosa and the inner surface of 
the ramus of the mandible; the barrel of the sy- 
ringe lies in line with the interval between the 
bicuspids on the opposite side of the 
mandible. The needle is advaneed posteriorly 
and slightly superiorly until the tip lies in elose 
proximity to the mandibular foramen. 
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CD Fìgure 15-10 Mental nerve and 
tooth nerve bloeks. A. Extraoral mental 
nerve bloek. The sorfaee marking of the 
mental nerve as it emerges from the 
mental foramen. The mental foramen 
lies on the same vertieal plane as the 
sopraorbital noteh, the pupil (when the 
patient is looking straight ahead), the in- 
fraorbital foramen, and the first premo- 
lar tooth. The mental foramen is pal- 
pated, and the needle is inserted through 
the skin and is direeted toward the fora- 
men. B. Area of skin anesthesia pro- 
duced by bloeking the mental nerve. C. 
Intraoral mental nerve bloek. The needle 
is inserted through the refleetion of the 
mucous membrane between the apiees 
of the premolar teeth and is direeted to- 
ward the mental foramen. D. Suprape- 
riosteal infiltration. Needle is inserted 
through the mucous membrane with the 
bevel against the periosteum and is ad- 
vaneed until it reaehes the level of the 
apex of the tooth. 


Extraoral Method 

The mental foramen is palpated, and the needle is inserted 
throngh the skin. When the mandible is eontaeted with the 
needle, the point is direeted toward the mental foramen (see 

CD Fig. 15-10). 

Speeial Areas for Nerve BlGeks 

Tooth Nerve Bloeks 

Two teehniques are eommonly nsed —snpraperiosteal 
infiltration and dental nerve bloeks. 

Supraperiosteal Infiltration 

This teehnique is eommonly nsed in an emergeney for the 
relief of toothaehe. The anesthetie solntion is applied di- 
reetly to the onter snrfaee of the periostenm opposite the 
apiees of the roots of the teeth (see CD Fig. 15-10). The 


anesthetie diffnses throngh the periostenm and the alveo- 
lar bone to reaeh the dental nerve fibers entering the 
apiees of the dental roots; it also reaehes the nerves snp- 
plying the mneoperiostenm of the gnms and the periodon- 
tal membrane. 

The labiogingival or bneeogingival folds, where the 
mneons membrane lining the lips or eheek are refleeted 
onto the gnms, are identified. This may be aeeomplished in 
the maxilla by pnlling the npper lip downward, and in the 
ease of the mandible by pnlling the lower lip upward. At the 
point where the mneons membrane beeomes fnsed with the 
periostenm to form the mneoperiostenm of the gnm, the 
needle is inserted with the bevel against the periostenm (see 
CD Fig. 15-10). The needle is advaneed nntil it reaehes the 
level of the apex of the root of the tooth, and the anesthetie 
solntion is injeeted. If anesthesia is not prodneed, it may be 
neeessary to repeat the injeetion on the palatal snrfaee of the 
gnms. Failnre to prodnee an adequate nerve bloek may be 
dne to the needle tip being inserted too far away from the 
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apex of the tooth—that is, too far away from the periostenm 
or too far above or below the tooth apex. The teehnique is 
less sneeessfnl for mandibnlar teeth beeanse of the density 
of the bone strnetnre of the mandible. 

The npper teeth are innervated by the anterior, middle, 
and snperior alveolar branehes of the maxillary division of 
the trigeminal nerve. The bneeal nerve, a braneh of the 
mandibnlar division of the trigeminal nerve, snpplies the 
lateral snrfaee of the gnm and the greater palatine and the 
nasopalatine nerves, from the maxillary nerve, snpply the 
medial snrfaee of the gnm. 

The lower teeth are innervated by the inferior alveolar 
nerve^ a braneh of the mandibnlar division of the trigeminal 
nerve. The bneeal nerve snpplies the lateral snrfaee of the 
gnms, and the lingnal nerve, a braneh of the mandibnlar 
nerve, snpplies the medial snrfaee. 

Dental Nerve Bloeks 

For the maxillary teeth, the anterior and middle snperior 
alveolar nerves are bloeked along with the infraorbital 
nerve as deseribed on page 232 of the CD. For the 
mandibnlar teeth, the inferior alveolar nerve is bloeked as 

deseribed on page 235 of the CD. 


Anesthesia of the Nose 

This involves the following: 

Nasal Interior 

The lateral wall of the nose is innervated by the anterior eth- 
moidal braneh of the nasoeiliary braneh of the ophthalmie 
division of the trigeminal nerve^ from branehes of the max- 
illary division of the trigeminal nerve^ and from the olfae- 
tory nerve. The nasal septnm is innervated by branehes of 
the anterior ethmoidal nerve^ by branehes of the maxillary 
nerve, and from the olfaetory nerve. 

Analgesia of the mneons membrane ean easily be ob- 
tained by plaeing pledgets soaked in loeal anesthetie in the 
nose between the eonehae and the septnm for 5 to 10 minntes. 

Nasal Exterior 

The skin of the nose is innervated by the snpratroehlear and 
infratroehlear branehes of the ophthalmie division of the 
trigeminal nerve and the infraorbital nerve, a eontinnation 
of the maxillary division of the trigeminal nerve (CD Fig. 
15-11). Skin analgesia is obtained by infiltrating first the 
base of the nose and then the nasofaeial groove, thns 
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nerve (V1) 
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CD Fìgure 15-11 Anesthesia of the external nose. A. The sensory nervesthat supply the skin 
of the nose emerging from the skull. B. The extent of the skin supplied by these nerves. C. The 
sites (X) vvhere the needle is introduced to produce anesthesia over the area shovvn in B. 
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auricular 
of the 


auriculotemporal nerve (V3) 




CD Fìgure 15-12 Ear nerve bloeks. A. 
The sensory innervation of the aoriele; 
note the auricular braneh of the vagus 
nerve that supplies part of the external 
auditory nneatus. B. The sites (X) at 
vvhieh nnultiple subcutaneous injee- 
tions may be made circumferentially 
around the auricle to bloek the sensory 
nerves. The external auditory meatus 
may be anesthetized by using a four- 
quadrant bloek (dots). 


external occipital/^\ 
protuberance 

greater oeeipital nerve (C2) 


lesser oeeipital nerve (C2) 



supratrochlear nerve (V1) 
supraorbital nerve (VI) 


zygomatieotemporal 
nerve (V2) 


auriculotemporal nerve (V3) 


CD Fìgure 15-13 Sealp nerve bloek. A subcutaneous infiltration with anesthetie solution 
is made around the circumference of the head from just above the eyebrows to the region 
of the external oeeipital protuberance. 
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bloeking the terminal branehes of the ophthalmie and max- 
illary nerves (see CD Fig. 15-11). 

Anesthesia of the Ear 

The anriele is innervated by the greater anrienlar nerve (C2 
and C3), a braneh of the eervieal plexus (CD Fig. 15-12). 
This nerve mainly snpplies the skin on the medial and lateral 
snrfaees of the inferior part of the anriele. The 
anrienlotemporal braneh of the mandibnlar division of the 
trigeminal nerve snpplies the lateral and npper part of the au- 
riele. The lesser oeeipital nerve (C2) may also snpply a small 
area on the medial snrfaee. The external anditory meatns is 
also innervated by the anrienlar braneh of the vagns nerve. 

Anesthesia of the skin is obtained by mnltiple snbenta- 
neons injeetions along a line that is eontinned eirenmferen- 
tially aronnd the anriele (see CD Fig. 15-12). The external 
anditory meatns may be anesthetized by nsing a four-quad- 
rant bloek of the eanal; in addition, several drops of anes- 
thetie solntion may be instilled into the eanal to anesthetize 
the tympanie membrane. 


Anesthesia of the Sealp 

The anterior part of the sealp extending baek as far as the 
vertex is innervated by the snpraorbital and snpratroehlear 
branehes of the ophthalmie division of the trigeminal nerve 
(CD Fig. 15-13). The posterior part of the sealp is inner- 
vated by the greater oeeipital nerve (C2) and the lesser oe- 
eipital nerve (C2). The lateral part of the sealp is snpplied by 
the anrienlotemporal braneh of the mandibnlar division of 
the trigeminal nerve. A small area over the temple is snp- 
plied by the zygomatieotemporal nerve from the maxillary 
division of the trigeminal nerve. 

A snbentaneons infiltration with anesthetie solntion is 
made aronnd the eirenmferenee of the head from jnst 
above the nose and eyebrows to the ear and baek to the ex- 
ternal oeeipital protnberanee (see CD Fig. 15-13). A large 
volnme of anesthetie is required to eompletely anesthetize 
the sealp. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

A 73-year-old woman visited her physieian beeanse she had 
notieed that the right side of her faee was sagging downward. 
She first notieed the eondition on waking up two mornings 
ago. Otherwise she felt very well. On examination the pa- 
tient had a eomplete right-sided faeial paralysis, the right 
lower eyelid was drooping, and the right angle of the month 
was sagging. A diagnosis of Belks palsy was made. 

1. Fnrther examination of this patient demonstrated the 
following signs and symptoms except which? 

A. Tears tended to flow easily over the right lower eyelid. 

B. Saliva dribbled from the right eorner of her month. 
e. The patient was nnable to elose her right eye eom- 

pletely. 

D. The patient was nnable to expose the teeth fnlly on 
the right side of her month. 

E. The mnseles on the right side of her forehead 
worked perfeetly normally when she was asked to 
raise her right eyebrow. 

A 17-year-old boy was seen in the emergeney department af- 
ter reeeiving a stab wound at the front of the neek. The knife 
entranee wound was loeated on the left side of the neek jnst 
lateral to the tip of the greater eornn of the hyoid bone. Dnr- 


ing the physieal examination the patient was asked to pro- 
trnde his tongne, which deviated to the left. 

2. The following statements would explain the physieal 

signs in this patient except which? 

A. The genioglossns mnseles are responsible for pro- 
trnding the tongne. 

B. The genioglossns mnsele is snpplied by the glos- 
sopharyngeal nerve. 

e. Paralysis of the left genioglossns mnsele permitted 
the right genioglossns to pnll the tongne forward and 
tnrned the tip to the left side. 

D. The hypoglossal nerve deseends in the neek be- 
tween the internal earotid artery and the internal 
jngnlar vein. 

E. At abont the level of the tip of the greater eornn of 
the hyoid bone the hypoglossal nerve tnrns forward 
and erosses the internal and external earotid arteries 
and the lingnal artery to enter the tongne. 

F. The point of the knife blade severed the left hy- 
poglossal nerve. 

A 43-year-old woman was seen in the emergeney depart- 
ment with a large abseess in the middle of the right posterior 
triangle of the neek. The abseess was red, hofl and flnetnant. 
The abseess showed evidenee that it was pointing and abont 
to rnptnre. The physieian deeided to ineise the abseess and 
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insert a drain. The patient retnrned to the department for 
the dressings to be ehanged 5 days later. She stated that she 
felt mneh better and that her neek was no longer painfnl. 
However, there was one thing that she eonld not nnder- 
stand. She eonld no longer raise her right hand above her 
head to brnsh her hair. 

3. The following statements explain the signs and symp- 

toms in this ease, snggesting that the spinal part of the 

aeeessory nerve had been ineised, except whieh? 

A. To raise the hand above the head, it is neeessary for 
the trapezins mnsele, assisted by the serratns ante- 
rior, to eontraet and rotate the seapnla so that the 
glenoid eavity faees upward. 

B. The trapezins mnsele is innervated by the spinal 
part of the aeeessory nerve. 

e. As the spinal part of the aeeessory nerve erosses the 
posterior triangle of the neek, it is deeply plaeed, be- 
ing eovered by the skin, the snperfieial faseia, the in- 
vesting layer of deep eervieal faseia, and the levator 
seapnlae mnsele. 

D. The snrfaee marking of the spinal part of the aeees- 
sory nerve is as follows: Biseet at right angles a line 
joining the angle of the jaw to the tip of the mastoid 
proeess. Gontinne the seeond line downward and 
baekward aeross the posterior triangle. 

E. The knife opening the abseess had ent the aeeessory 
nerve. 

A 35-year-old woman had a partial thyroideetomy for the 
treatment of thyrotoxieosis. Dnring the operation a ligatnre 
slipped off the right snperior thyroid artery. To stop the he- 
morrhage, the snrgeon blindly grabbed for the artery with 
artery foreeps. The operation was eompleted without fnrther 
ineident. The following morning the patient spoke with a 
hnsky voiee. 

4. The following statements abont this patient would ex- 

plain the hnsky voiee except whieh? 

A. Laryngoseopie examination revealed that the right 
voeal eord was slaek, eansing the hnskiness of the 
voiee. 

B. The voeal eord is tensed by the eontraetion of the 
erieothyroid mnsele. 

e. The erieothyroid mnsele tilts baek the erieoid earti- 
lage and pnlls forward the thyroid eartilage. 

D. The erieothyroid mnsele is innervated by the reenr- 
rent laryngeal nerve. 

E. The snperior thyroid artery is elosely related to the 
external laryngeal nerve. 

A 43-year-old woman visited her physieian eomplaining of 
severe intermittent pain on the right side of her faee. The 
pain was preeipitated by exposing the right side of her faee 
to a draft of eold air. The pain was stabbing in natnre and 
lasted abont 12 honrs before finally disappearing. When 
asked to point ont on her faee the area where the pain was 


experieneed, the patient mapped ont the skin area over the 
right side of the lower jaw extending baekward and upward 
over the side of the head to the vertex. 

5. The following signs and symptoms in this patient 
strongly snggest a diagnosis of trigeminal nenralgia 
except whieh? 

A. The skin area where the patient experieneed the 
pain was innervated by the mandibnlar division of 
the trigeminal nerve. 

B. The stabbing natnre of the pain is eharaeteristie of 
the disease. 

e. The trigger meehanism, stimnlation of an area 
that reeeived its sensory innervation from the 
trigeminal nerve^ is eharaeteristie of trigeminal 
nenralgia. 

D. Examination of the aetions of the masseter and the 
temporalis mnseles showed evidenee ofweakness on 
the right side. 

E. The patient experieneed hyperesthesia in the distri- 
bntion of the right anrienlotemporal nerve. 

A 10-year-old boy was playing darts with his friends. He bent 
down to piek up a fallen dart when another dart fell from the 
dart board and hit him on the side of his faee. On examina- 
tion in the emergeney department a small skin wound was 
fonnd over the right parotid salivary gland. Then, 6 months 
later, the boy's mother notieed that before mealtimes the 
boy began to sweat profnsely on the faeial skin elose to the 
healed dart wound. 

6. The following statements ean explain this phenome- 
non except whieh? 

A. The point of the dart had entered the parotid salivary 
gland and damaged the parasympathetie seeretomo- 
tor fibers to the gland. 

B. The seeretomotor fibers to the parotid gland arise in 
the otie ganglion. 

e. The preganglionie parasympathetie fibers originate 
in the snperior salivatory nnelens of the faeial nerve. 

D. The skin over the parotid salivary gland is innervated 
by the great anrienlar nerve, whieh was also dam- 
aged by the dart. 

E. On regeneration of the damaged nerves some of the 
parasympathetie nerves to the parotid salivary gland 
had erossed over and joined the sympathetie seere- 
tomotor nerves to the sweat glands in the distal end 
of the great anrienlar nerve. 

E. The patient has Erey's syndrome. 

A 31-year-old woman fell off her bieyele and laeerated 
the skin of her forehead jnst above the left eyebrow. 

7. What is the sensory innervation of the skin of the fore- 
head? Where may these nerves be bloeked? 

A 27-year-old man was involved in a motoreyele aeei- 
dent and was seen in the emergeney department with 
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extensive laeerations of the right ear. It was deeided to 
sntnre the skin lesions nnder loeal anesthesia. 

8. How would yon anesthetize the ear? 

A 63-year-old woman visited her physieian with a 
swelhng over the parotid gland on the right side. She 
stated that she had first notieed the swelling 3 
months previonsly, and sinee that time it had rapidly 
inereased in size. Reeently, she had notieed that the 
right side of her faee “felt weak” and she eonld no 
longer whistle for her dog. On examination, a hard 
swelling deeply attaehed to the parotid gland was 
fonnd. On testing the faeial mnseles, it was fonnd 
that the mnseles on the right side were weaker than 
those on the left side. 

9. What is the eonneetion between the parotid swelhng 
and the right-sided faeial weakness? 


10. On examination, a patient is fonnd to have a bitempo- 
ral hemianopia. An enlargement of whieh anatomie 
strnetnre is likely to eanse this eondition? 

11. A patient is snspeeted of having a lesion of the glos- 
sopharyngeal nerve. How would yon test the integrity of 
this eranial nerve? 

12. A 47-year-old woman is seen by a nenrologist beeanse of 
tronble reading the newspaper. She said that the print 
starts to tilt and she begins to see donble. She also stated 
that she has diffienlty walking down steps beeanse she 
eannot easily look downward with her right eye. On 
physieal examination, the patient was fonnd to have 
weakness of the movement of the right eye, both down- 
ward and laterally. Using yonr knowledge of anatomy, 
explain the signs and symptoms. 




1. E is the eorreet answer. In this patient all the faeial mns- 
eles on the right side were paralyzed. When making the 
diagnosis of Belhs palsy, it is imperative that one makes 
the distinetion between an npper motor nenron palsy 
and a lower motor nenron palsy. The part of the faeial 
nnelens of the faeial nerve that eontrols the mnseles of 
the npper part of the faee reeeives eortieonnelear fibers 
from both eerebral hemispheres. Therefore^ it follows 
that with a lesion involving the npper motor nenrons, 
only the mnseles of the lower part of the faee will be 
paralyzed. In this patient all the faeial mnseles on the 
affeeted side were paralyzed, indieating that the lesion 
was eonfined to the faeial nerve. 

2. B is the eorreet answer. The genioglossns mnsele is snp- 
plied by the hypoglossal nerve. 

3. C is the eorreet answer. The spinal part of the aeeessory 
nerve lies snperfieial to the levator seapnlae mnsele in 
the posterior triangle of the neek. 

4. D is the eorreet answer. The erieothyroid mnsele is in- 
nervated by the external laryngeal nerve, whieh was 
damaged in this patient. 

5. D is the eorreet answer. The motor portion of the 
trigeminal nerve is nnaffeeted in patients with trigemi- 
nal nenralgia. 

6. C is the eorreet answer. The seeretomotor fibers to the 
parotid salivary gland originate in the inferior salivatory 
nnelens of the glossopharyngeal nerve. 


7. The skin of the forehead is innervated by the snpraor- 
bital and snpratroehlear branehes of the frontal nerve, a 
braneh of the ophthalmie division of the trigeminal 
nerve. The nerves may be bloeked as they emerge onto 
the forehead aronnd the snperior margin of the orbital 
eavity. 

8. The anriele reeeives its sensory innervation from the 
greater anrienlar nerve (C2 and C3), the anrienlotem- 
poral nerve (mandibnlar division of the trigeminal 
nerve), and the anrienlar braneh of the vagns nerve. 
Analgesia of the skin ean be obtained by mnltiple snb- 
entaneons injeetions that are eontinned eirenmferen- 
tially aronnd the anriele. 

9. The faeial nerve, the retromandibnlar vein, and the ex- 
ternal earotid artery lie within the parotid salivary 
gland. This patient had a highly invasive eareinoma of 
the right parotid gland, whieh quiekly involved the 
right faeial nerve, with eonsequent weakness of the 
right faeial mnseles. The method nsed elinieally to test 
the integrity of the faeial nerve is fnlly deseribed on CD 
p. 228. A benign tnmor of the parotid gland tends not to 
damage the faeial nerve. 

10. Bitemporal hemianopia is a loss of both temporal fields 
of vision and is dne to the interrnption of the optie 
nerve fibers derived from the medial halves of both 
retinae. Pressnre on the optie ehiasma by a tnmor of 
the pitnitary gland is the most eommon eanse of the 
eondition. 
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11. The glossopharyngeal nerve snpplies the mneons mem- 
brane of the posterior third of the tongne with taste 
fibers and those for eommon sensation. These sensa- 
tions ean easily be tested by nsing appropriate stimnli. 

12. The diffienlty with reading and the diplopia ean be ex- 
plained by paralysis of the right snperior obhque mns- 
ele. When a patient with paralysis of the snperior 
obhque mnsele looks straight downward, the affeeted 
eye tnrns medially as well as downward. Moreover, the 
patient has great diffienlty tnrning that eye downward 


and laterally. This abnormality ean be explained as fol- 
lows: Gontraetion of the inferior reetns mnsele rotates 
the eyeball so that the eornea is depressed downward. 
Beeanse of the manner of its insertion^ the inferior 
reetns mnsele also rotates the eyeball medially. This 
tendeney to rotate the eyeball medially is normally 
nentralized by simnltaneons eontraetion of the snpe- 
rior obhque mnsele, whose aetion is to rotate the 
eyeball laterally as well as to depress the eornea 
downward. 
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EiaminatÌDn oi the Baek 

See ehapter 11, CD-ROM. 

Abnormal Eorves of the 
Vertehral ealomn 

See ehapter 11, CD-ROM. 

Disloeations of the 
Vertehral ealnmn 

See ehapter 12, CD-ROM. 


Fraetnres of the Vertehral CDlomn 

See ehapter 12, CD-ROM. 

Spinal Nerve Root Pain 

Spinal nerve roots exit from the vertebral eanal throngh the 
intervertebral foramina. Eaeh foramen is boun(ded snperi- 
orly and inferiorly by the pedieles, anteriorly by the inter- 
vertebral dise and the vertebral body, and posteriorly by the 
artienlar proeesses and joints (see text Fig. 16-3). In the Inm- 
bar region, the largest foramen is between the first and see- 
ond Inmbar vertebrae and the smallest is between the fifth 
Inmbar and first saeral vertebra. 

One of the eomplieations of osteoarthritis of the verte- 
bral eolnmn is the growth of osteophytes, whieh eom- 
monly eneroaeh on the intervertebral foramina, eansing 
pain along the distribntion of the segmental nerve. The 
fifth Inmbar spinal nerve is the largest of the Inmbar spinal 
nerves, and it exits from the vertebral eolnmn throngh the 
smallest intervertebral foramen. For this reason, it is the 
most vnlnerable. 
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Osteoarthritis as a cause of root pain is suggested by the 
patienhs age, its insidions onset, and a history of baek pain 
of long duration; this diagnosis is made only when all other 
eanses have been excluded. For example, a prolapsed dise 
nsnally occurs in a yonnger age group and often has an 
aente onset. 

Herniated Intervertebral Dises 

The strnetnre and function of the intervertebral dise is 
deseribed on text page 581. The resistanee of these dises to 
eompression forees is substantial, as seen, for example, 
in eirens aerobats who ean support fonr or more of their 
colleagues on their shonlders. Nevertheless, the dises are 
vnlnerable to sndden shoeks, particularly if the vertebral 
eolnmn is flexed and the dise is nndergoing degene- 
rative ehanges, that resnlt in herniation of the nucleus 
pulposus. 

The dises most eommonly affeeted are those in areas 
where a mobile part of the eolnmn joins a relatively immo- 
bile part—that is, the eervieothoraeie junction and the 
lumbosacral jnnetion. In these areas, the posterior part of 
the annlns fibrosus rnptnres, and the nucleus pnlposns is 
foreed posteriorly like toothpaste out of a tnbe. This is 
referred to as a herniation of the nnelens pnlposns. This 
herniation ean resnlt either in a eentral protrnsion in the 
midline nnder the posterior longitudinal ligament of the 
vertebrae or in a lateral protrnsion at the side of the posterior 
ligament elose to the intervertebral foramen (CD Fig. 16-1). 
The eseape of the nnelens pnlposns will prodnee narrowing 
of the spaee between the vertebral bodies, which may be vi- 
sible on radiographs. Slaekening of the anterior and poste- 
rior longitndinal ligaments resnlts in abnormal mobility of 
the vertebral bodies, prodneing loeal pain and subsequent 
development of osteoarthritis. 

Gervieal dise herniations are less eommon than herni- 
ations in the lumbar region (see text Fig. 16-21). The dises 
most snseeptible to this eondition are those between the 
fifth and sixth or sixth and seventh vertebrae. Lateral protrn- 
sions eanse pressure on a spinal nerve or its roots. Eaeh 
spinal nerve emerges above the eorresponding vertebra; 
thns, protrnsion of the dise between the fifth and sixth eer- 
vieal vertebrae ean eanse eompression of the C6 spinal 
nerve or its roots (see CD Fig. 16-1). Pain is felt near the 
lower part of the baek of the neek and shoulder and along 
the area in the distribution of the spinal nerve involved. 
Central protrnsions may press on the spinal eord and the an- 
terior spinal artery and involve the varions nerve traets of the 
spinal eord. 

Lnmbar dise herniations are more eommon than eer- 
vieal dise herniations (see CD Fig. 16-1). The dises usually 
affeeted are those between the fonrth and fifth Inmbar verte- 
brae and between the fifth Inmbar vertebra and the saernm. 
In the Inmbar region the roots of the eanda equina rnn pos- 
teriorly over several intervertebral dises (see CD Fig. 16-lB). 


A lateral herniation may press on one or two roots and often 
involves the nerve root going to the intervertebral foramen 
jnst below. However, beeanse C8 nerve roots exist and an 
eighth eervieal vertebral body does noh the thoraeie and 
Inmbar roots exit below the vertebra of the eorresponding 
nnmber. Thns^ the L5 nerve root exits between the fifth Inm- 
bar and first saeral vertebrae. Moreover, beeanse the nerve 
roots move laterally as they pass toward their exiF the root eor- 
responding to that dise spaee (L4 in the ease of the L4-5 dise) 
is already too lateral to be pressed on by the herniated dise. 
Herniation of the L4-5 dise nsnally gives rise to symptoms 
referable to the L5 nerve roots, even though the L5 root exits 
between L5 and S1 vertebrae. The nucleus pulposus oeea- 
sionally herniates direetly backward, and if it is a large her- 
niation, the whole cauda equina may be eompressed, pro- 
ducing paraplegia. 

An initial period of baek pain is nsnally eansed by the 
injnry to the dise. The baek mnseles show spasm, espeeially 
on the side of the herniation, beeanse of pressnre on the 
spinal nerve root. As a consequence, the vertebral eolnmn 
shows a seoliosis, with its eoneavity on the side of the lesion. 
Pain is referred down the leg and foot in the distribution of 
the affeeted nerve. Sinee the sensory posterior roots most 
eommonly pressed on are the fifth Inmbar and the first 
saeral, pain is nsnally felt down the baek and lateral side of 
the leg, radiating to the sole of the foot. This eondition is 
often ealled seiatiea. In severe eases paresthesia or aetnal 
sensory loss may be present. 

Pressure on the anterior motor roots causes mnsele 
weakness. Involvement of the fifth Inmbar motor root pro- 
duces weakness of dorsiflexion of the ankle, whereas pres- 
snre on the first saeral motor root causes weakness of plantar 
flexion, and the ankle jerk may be diminished or absent (see 

CD Fig. 16-1). 

A large, eentrally plaeed protrnsion may give rise to 
bilateral pain and mnsele weakness in both legs. Acute 
retention of nrine may also oeenr. 

A eorrelation between the dise lesion, the nerve 
roots involved, the pain dermatome, the mnsele weakness, 
and the missing or diminished reflex is shown in CD 

Table 16-1. 

Disease and tliE IntBrvertebral 
Fnramina 

The intervertebral foramina (see text Fig. 16-3) transmit 
the spinal nerves and the small segmental arteries and 
veins, all of which are embedded in areolar tissue. Eaeh 
foramen is bounded above and below by the pedieles of ad- 
jaeent vertebrae, in front by the lower part of the vertebral 
body and by the intervertebral dise, and behind by the ar- 
tienlar proeesses and the joint between them. In this sitna- 
tion, the spinal nerve is vnlnerable and may be pressed on 
or irritated by disease of the snrronnding strnetnres. Her- 
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foramen 



CD Fìgure 16-1 A and B. Posterior vievvs of vertebral bodies in the eervieal and lonnbar 
regions shovving the relationship that might exist betvveen the herniated nucleus pulposus 
and the spinal nerve roots. Note that there are eight eervieal spinal nerves but only seven 
eervieal vertebrae. In the lumbar region, for example, the emerging L4 nerve roots pass out 
laterally elose to the pediele of the fourth lumbar vertebra and are not related to the inter- 
vertebral dise betvveen the fourth and fifth lumbar vertebrae. C. Posterolateral herniation of 
the nucleus pulposus of the intervertebral dise betvveen the fifth lumbar vertebra and the 
first saeral vertebra shovving pressure on the S1 nerve root. D. An intervertebral dise that 
has herniated its nucleus pulposus posteriorly. E. Pressure on the L5 motor nerve root pro- 
duces vveakness of dorsiflexion of the ankle; pressure on the S1 motor nerve root produces 
vveakness of plantar flexion of the ankle joint. 
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CD Table 16-1 


Summary of Important Features Found in Cervical and Lumbosacral 
Root Syndromes 


Root lnjury 

Dermatome Paìn 

Muscle Supplìed 

Movement Weakness 

Reflex Involved 

C5 

Lovver lateral aspeet 

Deltoid and bieeps 

Shoulder abduction. 

Bieeps 


of upper arm 


elbovv flexion 


C6 

Lateral aspeet of 

Extensor earpi radialis 

Wrist extensors 

Braehioradialis 


forearm 

longus and brevis 



C7 

Middle finger 

Trieeps and flexor earpi 

Extension of elbovv 

Trieeps 



radialis 

and flexion of vvrist 


C8 

Medial aspeet of 

Flexor digitorum 

Finger flexion 

None 


forearm 

superficialis and 





profundus 



L1 

Groin 

lliopsoas 

Hip flexion 

eremaster 

L2 

Anterior aspeet of 

lliopsoas, sartorius, hip 

Hip flexion, hip 

eremaster 


thigh 

adductors 

adduction 


L3 

Medial aspeet of 

lliopsoas, sartorius. 

Hip flexion, knee 

Patellar 


knee 

quadriceps, hip 

extension, hip 




adductors 

adduction 


L4 

Medial aspeet of 

Tibialis anterior. 

Foot inversion, knee 

Patellar 


ealf 

quadriceps 

extension 


L5 

Lateral part of lovver 

Extensor hallucis 

Toe extension, ankle 

None 


leg and dorsum 

longus, extensor 

dorsiflexion 



of foot 

digitorum longus 



S1 

Lateral edge of 

Gastrocnemius, soleus 

Ankle plantar flexion 

Ankle jerk 


foot 




S2 

Posterior part of 

Flexor digitorum longus. 

Ankle plantar flexion. 

None 


thigh 

flexor hallucis longus 

toe flexion 




niation of the intervertebral dise, fraetnres of the vertebral 
bodies, and osteoarthritis involving the joints of the artien- 
lar proeesses or the joints between the vertebral bodies 
ean all resnlt in pressnre, stretehing, or edema of the 
emerging spinal nerve. Sneh pressnre would give rise to 
dermatomal pain, mnsele weakness, and diminished or ab- 
sent reflexes. 

NarrDwing of the Spinal Canal 

After abont the fonrth deeade of life the spinal eanal be- 
eomes narrowed by aging. Osteoarthritie ehanges in the 
joints of the artienlar proeesses with the formation of os- 
teophytes, together with degenerative ehanges in the inter- 
vertebral dises and the formation of large osteophytes be- 
tween the vertebral bodies, ean lead to narrowing of the 
spinal eanal and intervertebral foramina. In persons in 
whom the spinal eanal was originally small, signifieant 


stenosis in the eanda equina area ean lead to nenrologie 
eompression. Symptoms vary from mild diseomfort in the 
lower baek to severe pain radiating down the leg with the 
inability to walk. 

SaerDÌliae JDÌnt Disease 

The elinieal aspeets of this joint are referred to again 
beeanse disease of this joint ean eanse low baek pain and 
may be eonfnsed with disease of the Inmbosaeral joints. 
Essentially, the saeroiliae joint is a synovial joint that has 
irregnlar elevations on one artienlar snrfaee that fit into 
eorresponding depressions on the other artienlar snrfaee. 
It is a strong joint and is responsible for the transfer of 
weight from the vertebral eolnmn to the hip bones. The 
joint is innervated by the lower Inmbar and saeral nerves so 
that disease in the joint may prodnee low baek pain and 
seiatiea. 
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The saeroiliae joint is inaeeessible to elinieal exami- 
nation. However, a small area loeated jnst medial to and 
below the posterosnperior iliae spine is where the joint 
eomes elosest to the snrfaee. In disease of the Inmbosaeral 
region^ movements of the vertebral eolnmn in any 
direetion eanse pain in the Inmbosaeral part of the 
eolnmn. In saeroiliae disease, pain is extreme on rotation 
of the vertebral eolnmn and is worst at the end of forward 
flexion. The latter movement eanses pain beeanse the 
hamstring mnseles hold the hip bones in position while 
the saernm is rotating forward as the vertebral eolnmn is 
flexed. 


SP ML LDRD 


Spinal LDrd isehemia 

The blood snpply to the spinal eord is snrprisingly meager, 
eonsidering the importanee of this nervons tissne. The 
longitndinally rnnning anterior and posterior spinal arteries 
are of small and variable diameter, and the reinforeing seg- 
mental arteries vary in nnmber and in size. Isehemia of the 
spinal eord ean easily follow minor damage to the arterial 
snpply as a resnlt of regional anesthesia, pain bloek proee- 
dnres, or aortie snrgery. 

Spinal Lnrd Injnries 

The degree of spinal eord injnry at different vertebral le- 
vels is largely governed by anatomie faetors. In the eervieal 
region, disloeation or fraetnre disloeation is eommon, bnt 
the large size of the vertebral eanal often resnlts in the 
spinal eord eseaping severe injnry. However, when eonsi- 
derable displaeement oeenrs, the eord is seetioned and 
death oeenrs immediately. Respiration eeases if the lesion 
oeenrs above the segmental origin of the phrenie nerves 

(C3, 4, and 5). 

In fraetnre disloeations of the thoraeie region, dis- 
plaeement is often eonsiderable, and the small size 
of the vertebral eanal resnlts in severe injnry to the spinal 
eord. 

In fraetnre disloeations of the Inmbar region, two 
anatomie faets aid the patient. Firsh the spinal eord in the 
adnlt extends only down as far as the level of the lower bor- 
der of the first Inmbar vertebra. Seeond, the large size of the 
vertebral foramen in this region gives the roots of the eanda 
equina ample room. Nerve injnry may therefore be mini- 
mal in this region. 

Injnry to the spinal eord ean prodnee partial or eomplete 
loss of fnnetion at the level of the lesion and partial or eom- 
plete loss of fnnetion of afferent and efferent nerve traets 



below the level of the lesion. The symptoms and signs of 
spinal shoek and paraplegia in flexion and extension are be- 
yond the seope of this book. For fnrther information, a text- 
book of nenrology shonld be eonsnlted. 


Relatinnships nf Spinal Lnrd 
Segmenls tn Vertebral Nnmhers 

Beeanse the spinal eord is shorter than the vertebral eo- 
Inmn, the spinal eord segments do not eorrespond nnmeri- 
eally with the vertebrae that lie at the same level (CD Fig. 
16-2). The following list helps determine whieh spinal seg- 
ment is eontignons with a given vertebral body: 


Vertebrae 
Cervieal 
Upper thoraeie 
Lower thoraeie (T7-9) 
Tenth thoraeie 
Eleventh thoraeie 
Twelfth thoraeie 
First Inmbar 


Spinal Segment 

Add 1 
Add2 
Add3 

L1 and 2 eord segments 
L3 and 4 eord segments 
L5 eord segment 
Saeral and eoeeygeal eord 
segments 



Spinal Tap (Lnmbar Pnnetnre) 

Lnmbar pnnetnre may be performed to withdraw a sample 
of eerebrospinal flnid for examination. Fortnnately, the 
spinal eord terminates below at the level of the lower bor- 
der of the first Inmbar vertebra in the adnlt. (In the infanh 
it may reaeh as low as the third Inmbar vertebra.) The snb- 
araehnoid spaee extends down as far as the lower border of 
the seeond saeral vertebra. The lower Inmbar part of the 
vertebral eanal is thns oeenpied by the snbaraehnoid 
spaee, whieh eontains the eanda equina—that is, the Inm- 
bar and saeral nerve roots and the filnm terminale. A nee- 
dle introdneed into the snbaraehnoid spaee in this region 
nsnally pnshes the nerve roots to one side without eansing 
damage. 

With the patient lying on the side with the vertebral eol- 
nmn well flexed, the spaee between adjoining laminae in 
the Inmbar region is opened to a maximum (CD Fig. 16-3). 
An imaginary line joining the highest points on the iliae 
erests passes over the fonrth Inmbar spine (see text Fig. 16- 
22). With a earefnl aseptie teehnique and nnder loeal anes- 
thesia, the Inmbar pnnetnre needle, fitted with a styleh is 
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spinal nerve 


seventh eervieal 

vertebra 


first thoraeie 


twelfth thoraeie 

vertebra 


first lumbar 
vertebra 


fifth lumbar 
vertebra 


sacrum 


coccyx 



eervieal 
segments 
of spinal 
eord 


thoraeie 
segments 
of spinal 
eord 


lumbar, saeral, and 
eoeeygeal segments 
of spinal eord 


lower end of 
spinal eord 





eoeeygeal spinal nerve one 


CD Fìgure 16-2 Posterior view of the spinal eord showing the origins of the roots of the 
spinal nerves and their relationship to the different vertebrae. On the right, the lanninae 
have been rennoved to expose the right half of the spinal eord and the nerve roots. 
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interspinous 

ligament 


cauda equina 

(anterior and posterior nerve roots) 


internal vertebral veins 


posterior longitudinal 

ligament 


superficial faseia 


anterior longitudinal 

ligament 



intervertebral 

dise 


fourth lumbar 
spinal nerve 


articular 

proeess 


transverse 

proeess 


ligamentum 

flavum 


igament 


cauda equina 


araehnoid mater 


CD Figure 16-3 Sagittal seetion through the lunnbar part of the vertebral colunnn in flex- 
ion. Note that the spines and lanninae are well separated in this position, enabling one to 
introduce a lunnbar puncture needle into the subarachnoid spaee. 
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passed into the vertebral eanal above or below the fonrth 
Inmbar spine (see CD Fig. 16-3). The needle will pass 
throngh the following anatomie strnetnres before it enters 
the snbaraehnoid spaee: skin, snperfieial faseia, snpra- 
spinons ligament, interspinons ligament, ligamentnm 
flavnm, areolar tissne (eontaining the internal vertebral ve- 
nons plexus in the epidnral spaee), dnra mater, and araeh- 
noid mater. The depth to whieh the needle will have to pass 
varies from 1 in. (2.5 em) or less in a ehild to as mneh as 4 
in. (10 em) in obese adnlts. 

As the stylet is withdrawn, a few drops of blood eom- 
monly eseape. This nsnally indieates that the point of the 
needle is sitnated in one of the veins of the internal vertebral 
plexus and has not yet reaehed the snbaraehnoid spaee. If 
the entering needle shonld stimnlate one of the nerve roots 
of the eanda equina, the patient will experienee a fleeting 
diseomfort in one of the dermatomes^ or a mnsele will 
twiteh, depending on whether a sensory or a motor root was 
impaled. If the needle is pnshed too far anteriorly, it may hit 
the body of the third or fonrth Inmbar vertebra (see CD Fig. 

16-3). 

The eerebrospinal flnid pressnre ean be measnred by 
attaehing a manometer to the needle. In the reenmbent 
position, the normal pressnre is abont 60-150 mm H^O. It 
is interesting to note that the eerebrospinal flnid pressnre 
normally flnetnates slightly with the heart beat and with 
eaeh phase of respiration. 

Anatomy of "Not Gettíng In" 

If bone is eneonntered, the needle shonld be withdrawn as 
far as the snbentaneons tissne, and the angle of insertion 
shonld be ehanged. The most eommon bone eneonntered 
is the spinons proeess of the vertebra above or below the 
path of insertion. If the needle is direeted laterally rather 
than in the midline^ it may hit the lamina or an artienlar 
proeess. 

Anatomy of Complicatìons of 
Lumbar Puncture 

■ Postlnmbar pnnetnre headaehe: This headaehe starts af- 
ter the proeednre and lasts 24 to 48 honrs. The eanse is a 
leak of eerebrospinal flnid throngh the dnral pnnetnre, 
and it nsnally follows the nse of a wide-bore needle. The 
leak rednees the volnme of eerebrospinal flnid, whieh, in 
tnrn, eanses a downward displaeement of the brain and 
stretehes the nerve-sensitive meninges —a headaehe fol- 
lows. The headaehe is relieved by assnming the reenm- 
bent position. Using small-gange styletted needles and 
avoiding mnltiple dnral holes rednee the ineidenee of 
headaehe. 

■ Brain herniation: Lnmbar pnnetnre is eontraindieated in 
eases in whieh intraeranial pressnre is signifieantly 
raised. A large tnmor, for example, above the tentorinm 
eerebelli with a high intraeranial pressnre may resnlt in a 


eandal displaeement of the nnens throngh the tentorial 
noteh or a dangerons displaeement of the mednlla 
throngh the foramen magnnm^ when the Inmbar eere- 
brospinal flnid pressnre is redneed. 

Bloek of the Subarachnoid Spaee 

A bloek of the snbaraehnoid spaee in the vertebral eanal, 
whieh may be eansed by a tnmor of the spinal eord or the 
meninges, ean be deteeted by eompressing the internal 
jngnlar veins in the neek. This raises the eerebral venons 
pressnre and inhibits the absorption of eerebrospinal flnid 
in the araehnoid grannlations, thns prodneing a rise in the 
manometrie reading of the eerebrospinal flnid pressnre. If 
this rise fails to oeenr, the snbaraehnoid spaee is bloeked 
and the patient is said to exhibit a positive Queekenstedf s 

CAUDAL 
ANE5THE5IA 

Solntions of anestheties may be injeeted into the saeral 
eanal throngh the saeral hiatns. The solntions pass upward 
in the loose eonneetive tissne and bathe the spinal nerves 
as they emerge from the dnral sheath. Caudal anesthesia 
is nsed in operations in the saeral region, inelnding 
anoreetal snrgery and enldoseopy. Obstetrieians nse this 
method of nerve bloek to relieve the pains dnring the first 
and seeond stages of labor. Its advantage is thah adminis- 
tered by this method, the anesthetie does not affeet 
the infant. 

The saeral hiatns is palpated as a distinet depression in 
the midline abont 1.6 in. (4 em) above the tip of the eoeeyx 
in the npper part of the eleft between the bnttoeks. The hia- 
tns is triangnlar or U shaped and is bonnded laterally by the 
saeral eornna (CD Fig. 16-4). 

The size and shape of the hiatns depend on the nnm- 
ber of laminae that fail to fnse in the midline posteriorly. 
The eommon arrangement is for the hiatns to be formed 
by the nonfnsion of the fifth and sometimes the fonrth 
saeral vertebrae. 

With a earefnl aseptie teehnique and nnder loeal anes- 
thesia, the needle, fitted with a stylet, is passed into the ver- 
tebral (saeral) eanal throngh the saeral hiatns. 

The needle pierees the skin and faseia and the saero- 
eoeeygeal membrane that fills in the saeral hiatns (see CD 
Fig. 16-4). The membrane is formed of dense fibrons 
tissne and represents the fnsed snpraspinons and inter- 
spinons ligaments as well as the ligamentnm flavnm. A 
distinet feeling of ''give” is felt when the ligament is 
penetrated. 

Note that the saeral eanal is enrved and follows the gen- 
eral enrve of the saernm (see CD Fig. 16-4). The anterior 
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fourth saeral 
spinous proeess 


fourth posterior 
saeral foramen 



lamina of fourth 
saeral vertebra 


lateral mass 
of sacrum 


A 


saeral hiatus 


saeral cornu 


coccyx 


saero- 

eoeeygeal 

ligment 


third saeral 
spinous proeess 



Dosterior 
foramen 


fourth 

posterior 

saeral 

foramen 


saeroeoeeygeal 

membrane 


B 



posterior rami of 
spinal nerves 


saeral hiatus 


terminale 


lower limit of 
subarachnoid spaee 


subarachnoid spaee 


filum terminale 


saeroeoeeygeal 


saeral 



dura and 
araehnoid 


CD Fìgure 16-4 A. The saeral hiatus. Blaek dots indieate the position of innportant bony 
landnnarks. B. Posterior surface of the lovver end of the sacrunn and the coccyx shovving 
the saeroeoeeygeal membrane eovering the saeral hiatus. C. The dural sheath (theeal sae) 
around the lovver end of the spinal eord and spinal nerves in the saeral eanal; the laminae 
have been removed. D. Longitudinal seetion through the sacrum shovving the anatomy of 
caudal anesthesia. 
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wall, formed by the fusion of the bodies of the saeral verte- 
brae, is rough and ridged. The posterior wall, formed by the 
fnsion of the laminae, is smooth. The average distanee be- 
tween the saeral hiatns and the lower end of the snbaraeh- 
noid spaee at the seeond saeral vertebra is abont 2 in. (5 em) 
in adnlts. 

Note also that the saeral eanal eontains the dnral sae 
(eontaining the eanda equina), whieh is tethered to the eoe- 
eyx by the filnm terminale; the saeral and eoeeygeal nerves 
as they emerge from the dnral sae snrronnded by their dnral 
sheath; and the thin-walled veins of the internal vertebral 
venons plexus. 




CD Figure 16-5 Posterior view of a woman with seoliosis 
resolting from a eongenital hemivertebra in the lower 
thoraeie region. 



Seoliosis resnlts from a eongenital hemivertebra. A hemiver- 
tebra is eansed by a failnre in development of one of the two 
ossifieation eenters that appear in the eentrnm of the body 

of eaeh vertebra (CD Fig. 16-5). 

Spina Bifida 

In spina bifida, the spines and arehes of one or more adja- 
eent vertebrae fail to develop. The eondition oeeurs most 
frequently in the lower thoraeie, Inmbar, and saeral regions. 
Beneath this defeet, the meninges and spinal eord may or 
may not be involved in varying degrees. This eondition is a 
result of failnre of the mesenehyme^ whieh grows in be- 
tween the neural tnbe and the surfaee eetoderm, to form the 
vertebral arehes in the affeeted region. The types of spina 
bifida are shown in CD Figs. 16-6 and 16-7. 



RELATIDNSHIP DF 
THE VERTEBRAL 
BDDY TD THE 
SPINAL NERVE 

Sinee the fnlly developed vertebral body is intersegmental in 
position, eaeh spinal nerve leaves the vertebral eanal through 
the intervertebral foramen and is elosely related to the inter- 
vertebral dise. This faet is of great elinieal signifieanee in eases 
with prolapse of an intervertebral dise (see CD Fig. 16-1). 























256 Ghapter 16 



spina bifida occulta 


meningoeele 



meningomyeloeele 


myeloeele 



syringomyeloeele 

CD Figure 16-6 Different types of spina bifida. 







The Verterbral Column, the Spinal Cord, and the Meninges 257 





CD Figure 16-7 A. Meningoeele in the lunnbosacral region. (Courtesy of L. Thonnpson.) 
B. Meningomyeloeele in the upper thoraeie region. (Courtesy of G. Avery.) 




physieian snspeeted a displaeement of the npper 
thoraeie spines on the sixth thoraeie spine. 


Read the following ease histories/questions and give 
the best answer for eaeh. 

An 11-year-old boy was showing off in front of friends by div- 
ing into the shallow end of a swimming pool. After one par- 
tienlarly daring dive, he snrfaeed quiekly and elimbed ont of 
the pool, holding his head between his hands. He said that 
he had hit the bottom of the pool with his head and now had 
severe pain in the root of the neek, whieh was made worse 
when he tried to move his neek. A lateral radiograph re- 
vealed that the right inferior artienlar proeess of the fifth eer- 
vieal vertebra was foreed over the anterior margin of the 
right snperior artienlar proeess of the sixth eervieal vertebra, 
prodneing a nnilateral disloeation with nipping of the right 
sixth eervieal nerve. 

1. The following symptoms and signs eonfirmed the diag- 
nosis except which? 

A. The head was rotated to the right. 

B. There was spasm of the deep neek mnseles on the 
right side of the neek, which were tender to toneh. 

e. The patient eomplained of severe pain in the region 
of the baek of the neek and right shonlder. 

D. The slightest movement prodneed severe pain in 
the right sixth eervieal dermatome. 

E. The large size of the vertebral eanal in the eervieal 
region permitted the spinal eord to eseape injnry. 

A 50-year-old eoal miner was eronehing at the mine 
faee when a large roek snddenly beeame dislodged 
from the roof of the mine shaft and strnek him on the 
npper part of his baek. The emergeney department 


2. The following physieal signs eonfirmed a diagnosis of 

fraetnre disloeation between the fifth and sixth thoraeie 

vertebrae except which? 

A. A lateral radiograph revealed fraetnres involving the 
snperior artienlar proeesses of the sixth thoraeie ver- 
tebra and the inferior artienlar proeesses of the fifth 
thoraeie vertebra. 

B. Gonsiderable forward displaeement of the body of 
the fifth thoraeie vertebra on the sixth thoraeie ver- 
tebra oeenrred. 

e. The patient had signs and symptoms of spinal shoek. 

D. The large size of the vertebral eanal in the thoraeie 
region leaves plenty of spaee aronnd the spinal eord 
for bony displaeement. 

E. The patient later showed signs and symptoms of 
paraplegia. 

A 66-year-old woman was seen in the emergeney depart- 
ment eomplaining of a bnrning pain over the npper part of 
her right arm. The pain had started 2 days previonsly and 
had progressively worsened. Physieal examination revealed 
weakness and wasting of the right deltoid and bieeps braehii 
mnseles. The patient also had hyperesthesia in the skin over 
the lower part of the right deltoid and down the lateral side 
of the arm. Radiologie examination showed extensive spnr 
formation on the bodies of the fonrth, fifth, and sixth eervi- 
eal vertebrae. These signs and symptoms snggested severe 
osteoarthritis of the eervieal vertebral eolnmn. 
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3. This disease produeed the following ehanges in the ver- 
tebrae and related strnetnres except which? 

A. Repeated tranma and aging had resnlted in degen- 
erative ehanges at the artienlating snrfaees of the 
fonrth, fifth, and sixth eervieal vertebrae. 

B. Extensive spur formation resnlted in narrowing of 
the intervertebral foramina with pressure on the 
nerve roots. 

C. The bnrning pain and hyperesthesia were eansed by 
pressnre on the third and fonrth eervieal posterior 
roots. 

D. The weakness and wasting of the deltoid and bieeps 
braehii mnseles were caused by pressnre on the fifth 
and sixth eervieal anterior roots. 

E. Movements of the neek intensified the symptoms by 
exerting fnrther pressnre on the nerve roots. 

E. Gonghing or sneezing raised the pressnre within the 
vertebral eanal and resulted in fnrther pressure on 
the roots. 

A medieal stndent offered to move a grand piano for his 
landlady. He had jnst finished his final examinations in 
anatomy and was in poor physieal shape. He strnggled with 
the antique monstrosity and snddenly experienced an aente 
pain in the baek, which extended down the baek and onter 
side of his left leg. On examination in the emergeney de- 
partmenh he was fonnd to have a slight seoliosis with the 
convexity on the right side. The deep mnseles of the baek in 
the left Inmbar region felt firmer than normal. No evidenee 
of mnsele weakness was present, bnt the left ankle jerk was 
diminished. 

4. The symptoms and signs of this patient strongly snggest 
a diagnosis of prolapsed intervertebral dise except 
which? 

A. The pain was the worst over the left Inmbar region 
opposite the fifth Inmbar spine. 

B. The pain was aeeentnated by eonghing. 

C. With the patient snpine, flexing the left hip joint 
with the knee extended eansed a marked inerease in 
the pain. 

D. A lateral radiograph of the Inmbar vertebral eolnmn 
revealed nothing abnormal. 

E. A magnetie resonanee imaging stndy revealed the 
presenee of small fragments of the nnelens pnlposns 
that had herniated ontside the annlns in the dise be- 
tween the fifth Inmbar vertebra and the saernm. 

E. The pain oeenrred in the dermatomes of the third 
and fonrth Inmbar segments on the left side. 

5. When performing a Inmbar pnnetnre (spinal tap) on an 
adnlt, the following anatomie faets have to be taken into 
eonsideration except which? 

A. With the patient in the lateral prone or npright sit- 
ting position, the vertebral eolnmn shonld be well 
flexed to separate the spines and laminae of adjaeent 
vertebrae. 


B. An imaginary line joining the anterior snperior iliae 
spines passes over the fonrth Inmbar spine. 

C. The needle shonld be inserted above or below the 
fonrth Inmbar spine. 

D. To enter the snbaraehnoid spaee, the needle will pass 
throngh the skin, superficial faseia, supraspinous lig- 
amenh interspinous ligamenh ligamentnm flavnm, 
areolar tissne (eontaining the internal vertebral ve- 
nons plexus), dura mater, and araehnoid mater. 

E. The spinal eord ends below in the adult at the level 
of the lower border of the first Inmbar vertebra. 

E. With the patient in the lateral prone position, the 
normal eerebrospinal flnid pressure is about 60-150 
mm H 2 O. 

A 22-year-old stndent was driving home from a party and 
erashed his ear head on into a briek wall. On examination 
in the emergeney department, he was found to have a frae- 
tnre disloeation of the seventh thoraeie vertebra, with signs 
and symptoms of severe damage to the spinal eord. 

6. On reeovery from spinal shoek he was fonnd to have the 

following signs and symptoms except which? 

A. Upper motor neuron paralysis of his left leg 

B. A band of cutaneous hyperesthesia extending 
aronnd the abdominal wall on the left side at the 
level of the nmbiliens, which was eansed by the irri- 
tation of the eord immediately above the site of the 
lesion 

C. On the right side, total analgesia, thermoanesthesia, 
and partial loss of taetile sense of the skin of the ab- 
dominal wall below the level of the nmbiliens in- 
volving the whole of the right leg 

D. Eraetnre disloeation of the seventh thoraeie verte- 
bra, which would result in severe damage to the sev- 
enth thoraeie segment of the spinal eord 

E. Unequal sensory and motor losses on the two sides, 
which indieate a left hemiseetion of the spinal eord 

A 45-year-old woman visited her physieian beeanse of a low 
baek pain of 3 months' dnration. She was otherwise very fit. 
On examination of her baek^ nothing abnormal was diseov- 
ered. The physieian then listened to her ehesh examined 
her thyroid gland, and finally examined both breasts. A 
large, hard mass was fonnd in the left breast. 

7. The following faets snpport the diagnosis of eareinoma 

of the left breast with seeondaries in the vertebral eol- 

nmn except which? 

A. The Inmp in the breast was painless and the patient 
had notieed it while showering 6 months previonsly. 

B. Several large, hard, peetoral lymph nodes were 
fonnd in the left axilla. 

C. A lateral radiograph of the Inmbar vertebral eolnmn 
showed extensive metastases in the bodies of the see- 
ond and third Inmbar vertebrae. 

D. The Inmp was sitnated in the npper onter quadrant 
of the left breast and was fixed to snrronnding tissnes. 
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E. Although the eaneer had spread by the lymph ves- 
sels, no evidenee of spread via the bloodstream was 
present. 

A 75-year-old woman was dnsting the top of a high eloset 
while balaneed on a ehair. She lost her balanee and fell to 
the floor^ eatehing her right Inmbar region on the edge of 
the ehair. 

8. The following statements abont this patient are eorreet 
except whieh? 

A. Examination of the baek revealed a large brnised 
area in the right Inmbar region^ whieh was extremely 
tender to toneh. 


B. Anteroposterior and lateral radiographs exelude the 
presenee of a fraetnre, espeeially of a transverse 
proeess. 

e. A 24-hour speeimen of urine should be examined 
for blood to exelude or eonfirm injnry to the right 
kidney. 

D. Garehil examination of the ereetor spinae mnseles 
or quadratus Inmbornm mnsele may reveal extreme 
tenderness and therefore injnry to these mnseles. 

E. A Inmbar pnnetnre (spinal tap) should always be 
performed in baek injnries to exelude damage to the 
spinal eord. 





1. A is the eorreet answer. The right inferior artieular 
proeess of the fifth eervieal vertebra was foreed over the 
anterior margin of the right superior artienlar proeess of 
the sixth eervieal vertebra, eansing the head of the pa- 
tient to be rotated to the left. 

2. D is the eorreet answer. The vertebral eanal in the tho- 
raeie region is small and ronnd and little spaee is 
aronnd the spinal eord for bony displaeement to oeenr 
without eausing severe damage to the eord. 

3. e is the eorreet answer. The burning pain and hyperes- 
thesia were eansed by pressnre on the fifth and sixth eer- 
vieal posterior roots. 

4. F is the eorreet answer. The pain oeeurred in the der- 
matomes of the fifth Inmbar and first saeral segments on 
the left side. 


5. B is the eorreet answer. An imaginary line joining the 
highest points of the iliae erests passes over the fonrth 
Inmbar spine. 

6. D is the eorreet answer. Eraetnre disloeation of the sev- 
enth thoraeie vertebra would resnlt in severe damage to 
the tenth thoraeie segment of the spinal eord. 

7. E is the eorreet answer. The eareinoma of the left breast 
was in an advaneed stage and had spread by way of the 
lymph vessels to the axillary lymph nodes and by the 
bloodstream to the bodies of the seeond and third Inm- 
bar vertebrae. Gareinoma of the thyroid, bronehns, 
breash kidney, and prostate tend to metastasize via the 
bloodstream to bones. 

8. E is the eorreet answer. A Inmbar pnnetnre (spinal tap) 
is not required in eases of simple trauma to the baek. 
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CERV CAL PLEXUS 


Lesions oi the Phrenie Nerve and 
Paralysis nf the Diaphragm 

The diaphragm may be paralyzed beeause of pressure from 
malignant tnmors in the mediastinnm on the phrenie nerve. 
Snrgieal ernshing or seetioning of the phrenie nerve in the 
neek, prodneing paralysis of the diaphragm on one side, was 
onee nsed as part of the treatment of Inng tubereulosis, 
espeeially of the lower lobes. The immobile dome of the 
diaphragm rests the Inng. 


BRALH AL PLEXUS 


LLINILAL NDTES 
DN THE NERVES DL 
THE UPPER LIMB 

DErmatnmES and LntanEnns 

Neeves nf thE DppEr Limh 

It may be neeessary for a physieian to test the integrity of the 
spinal eord segments of C3 throngh Tl. The diagrams in 
CD Figs. 17-1 and 17-2 show the arrangement of the der- 
matomes of the npper limb. It is seen that the dermatomes 
for the npper eervieal segments C3 to 6 are loeated along the 
lateral margin of the npper limb; the C7 dermatome is sitn- 
ated on the middle finger; and the dermatomes for C8, TI, 
and T2 are along the medial margin of the limb. The nerve 
fibers from a partienlar segment of the spinal eord, althongh 




they exit from the eord in a spinal nerve of the same seg- 
menh pass to the skin in two or more different eutaneous 
nerves. 

The skin over the point of the shoulder and halfvvay 
down the lateral surfaee of the deltoid mnsele is snpplied by 
the snpraelavienlar nerves (C3 and 4). Pain may be referred 
to this region as a resnlt of inflammatory lesions involving 
the diaphragmatie pleura or peritoneum. The afferent stim- 
uh reaeh the spinal eord via the phrenie nerves (C3, 4, and 
5). Pleurisy, peritonitis, subphrenie abseess, or gallbladder 
disease may therefore be responsible for shoulder pain. 

TEndan ReHeies and tliE SEgniEntal 
InnErvatinn nf MnselES nf tfiE 
DppEi Liinh 

The skeletal mnsele reeeives a segmental innervation. Most 
mnseles are innervated by several spinal nerves and there- 
fore by several segments of the spinal eord. A physieian 
shonld know the segmental innervation of the following 
mnseles beeanse it is possible to test them by elieiting 
simple mnsele reflexes in the patient: 

■ Bieeps braehii tendon reflex: C5 and 6 (flexion of the 
elbow joint by tapping the bieeps tendon) 

■ Trieeps tendon reflex: C6, 7, and 8 (extension of the 
elbow joint by tapping the trieeps tendon) 

■ Braehioradialis tendon reflex: C5, 6, and 7 (supination 
of the radionlnar joints by tapping the insertion of the 
braehioradialis tendon) 

Draehial P1 exus fnjurÌES 

The roots, trnnks, and divisions of the braehial plexus reside 
in the lower part of the posterior triangle of the neek, 
whereas the eords and most of the branehes of the plexus lie 
in the axilla. Complete lesions involving all the roots of the 
plexus are rare. Ineomplete injnries are eommon and are 
usually eansed by traetion or pressnre; individual nerves ean 
be divided by stab wounds. 
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CD Fìgure 17-1 Dermatonnes and 
distribution of cutaneous nerves on the 
anterior aspeet of the body. 


Upper Lesions of the Braehial Plexus 
(Erb-Duchenne Palsy) 

Upper lesions of the braehial plexus are injnries resnlting 
from exeessive displaeement of the head to the opposite 
side and depression of the shonlder on the same side. This 
eanses exeessive traetion or even tearing of C5 and 6 roots 
of the plexus. It oeenrs in infants dnring a diffienlt delivery 
or in adnlts after a blow to or fall on the shonlder. The 
snpraseapnlar nerve, the nerve to the snbelavins, and the 
mnsenloentaneons and axillary nerves all possess nerve 
fibers derived from C5 and 6 roots and will therefore be 
fnnetionless. The following mnseles will eonsequently be 
paralyzed: the snpraspinatns (abdnetor of the shonlder) 


and infraspinatns (lateral rotator of the shonlder); the snb- 
elavins (depresses the elaviele); the bieeps braehii (snpina- 
tor of the forearm^ flexor of the elbow^ weak flexor of the 
shonlder), and the greater part of the braehialis (flexor of 
the elbow), and the eoraeobraehialis (flexor of the shonl- 
der); and the deltoid (abdnetor of the shonlder) and the 
teres minor (lateral rotator of the shonlder). Thns, the limb 
will hang limply by the side, medially rotated by the un- 
opposed sternoeostal part of the peetoralis major; the fore- 
arm will be pronated beeanse of loss of the aetion of the bi- 
eeps. The position of the npper limb in this eondition has 
been likened to that of a porter or waiter hinting for a tip 
(CD Fig. 17-3). In addition, there will be a loss of sensation 
down the lateral side of the arm. 
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CD Figure 17-2 Dermatonnes and distribu- 
tion of cutaneous nerves on the posterior 
aspeet of the body. 


Lower Lesions of the Braehial Plexus 
(Klumpke Palsy) 

Lower lesions of the braehial plexus are nsnally traetion in- 
jnries eansed by exeessive abdnetion of the arm, as oeenrs in 
the ease of a person falling from a height elntehing at an ob- 
jeet to save himself or herself. The first thoraeie nerve is usu- 
ally torn. The nerve fibers from this segment rnn in the nlnar 
and median nerves to snpply all the small mnseles of the 
hand. The hand has a elawed appearanee eansed by hyper- 
extension of the metaearpophalangeal joints and flexion of 
the interphalangeal joints. The extensor digitornm is nnop- 
posed by the Inmbrieals and interossei and extends the 
metaearpophalangeal joints; the flexor digitornm snperfieialis 
and profnndns are nnopposed by the Inmbrieals and interos- 
sei and flex the middle and terminal phalanges, respeetively. 
In addition, loss of sensation will oeenr along the medial side 


of the arm. If the eighth eervieal nerve is also damaged, the 
extent of anesthesia will be greater and will involve the medial 
side of the forearm, hand, and medial two fingers. 

Lower lesions of the braehial plexus ean also be 
prodneed by the presenee of a eervieal rib or malignant 
metastases from the Inngs in the lower deep eervieal lymph 
nodes. 

CDinprBssÌDn nf the Braehial 

Plexus, Bnhelavian Arlery, and 
Snhelavian Vein by Ihe eiavide 

The interval between the elaviele and the first rib in some 
patients may beeome narrowed and thns is responsible for 
eompression of nerves and blood vessels. 
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CD Fìgure 17-3 Erb-Duchenne palsy (vvaiter's tip). 

Long Thnraeie Nefvb InjnrÌES 

The long thoraeie nerve, whieh arises from C5, 6, and 7 and 
snpplies the serratns anterior mnsele, ean be injnred by 
blows to or pressnre on the posterior triangle of the neek or 
dnring the snrgieal proeednre of radieal masteetomy. Paral- 
ysis of the serratns anterior resnlts in the inability to rotate the 
seapnla dnring the movement of abdnetion of the arm above 
a right angle. The patient therefore experienees diffienlty in 
raising the arm above the head. The vertebral border and 
inferior angle of the seapnla will no longer be kept elosely 
applied to the ehest wall and will protrnde posteriorly, a eon- 
dition known as 'Vinged seapnla” (CD Fig.17-4). 

Axillary Nb™ InjarÌBS 

The axillary nerve (see text Fig. 17-20B)^ whieh arises from 
the posterior eord of the braehial plexus (C5 and 6), ean be 
injnred by the pressnre of a badly adjnsted ernteh pressing 
upward into the armpit. The passage of the axillary nerve 
baekward from the axilla throngh the quadrangular spaee 
makes it partienlarly vnlnerable here to downward displaee- 
ment of the hnmeral head in shonlder disloeations or frae- 
tnres of the snrgieal neek of the hnmerns. Paralysis of the 
deltoid and teres minor mnseles resnlts. The entaneons 
branehes of the axillary nerve, inelnding the npper lateral 
entaneons nerve of the arm, are fnnetionless, and eonse- 
quently there is a loss of skin sensation over the lower half 
of the deltoid mnsele. The paralyzed deltoid wastes rapidly, 



CD Figure 17-4 VVinging of the right scapula. 

and the nnderlying greater tnberosity ean be readily pal- 
pated. Beeanse the snpraspinatns is the only other abdnetor 
of the shonlder, this movement is mneh impaired. Paralysis 
of the teres minor is not reeognizable elinieally. 

Radial Nerve lnjuries 

The radial nerve (see text Fig. 17-21), whieh arises from the 
posterior eord of the braehial plexus, eharaeteristieally gives 
off its branehes some distanee proximal to the part to be 
innervated. 

■ In the axilla it gives off three branehes: the posterior eu- 
taneons nerve of the arm, whieh snpplies the skin on the 
baek of the arm down to the elbow; the nerve to the long 
head of the trieeps; and the nerve to the medial head of 
the trieeps. 

■ In the spiral groove of the hnmerns it gives off fonr 
branehes: the lower lateral entaneons nerve of the arm, 
whieh snpplies the lateral snrfaee of the arm down to the 
elbow; the posterior entaneons nerve of the forearm, 
whieh snpplies the skin down the middle of the baek of 
the forearm as far as the wrist; the nerve to the lateral 
head of the trieeps; and the nerve to the medial head of 
the trieeps and the aneonens. 

■ In the anterior eompartment of the arm above the lat- 
eral epieondyle it gives off three branehes: the nerve to a 
small part of the braehialis, the nerve to the braehioradi- 
alis, and the nerve to the extensor earpi radialis longns. 

■ In the enbital fossa it gives off the deep braneh of the 
radial nerve and eontinnes as the snperfieial radial nerve. 
The deep braneh snpplies the extensor earpi radialis 
brevis and the snpinator in the enbital fossa and all the 
extensor mnseles in the posterior eompartment of the 
forearm. The snperfieial radial nerve is sensory and snp- 
plies the skin over the lateral part of the dorsnm of 
the hand and the dorsal snrfaee of the lateral three and a 
half fingers proximal to the nail beds (CD Fig. 17-5). 
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CD Figure 17-5 Sensory innervation of the skin of the volar (palmar) and dorsal aspeets 
of the hand; the arrangement of the dermatomes is also shovvn. 
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(The ulnar nerve snpplies the medial part of the dorsnm 
of the hand and the dorsal snrfaee of the medial one 
and a half fingers; the exaet entaneoiis areas innervated 
by the radial and iilnar nerves on the hand are snbjeet to 
variation.) 

The radial nerve is eommonly damaged in the axilla 
and in the spiral groove. 

Injuries to the Radial Nerve 
in the Axilla 

In the axilla the nerve ean be injnred by the pressnre of the 
npper end of a badly fitting ernteh pressing up into 
the armpit or by a drnnkard falling asleep with one arm over 
the baek of a ehair. It ean also be badly damaged in the axilla 
by fraetnres and disloeations of the proximal end of the 
hnmerns. When the hnmerns is displaeed downward in dis- 
loeations of the shonlder, the radial nerve, whieh is wrapped 
aronnd the baek of the shaft of the bone, is pnlled down- 
ward, stretehing the nerve in the axilla exeessively. 

The elinieal findings in injnry to the radial nerve in the 
axilla are as follows. 

Motor 

The trieeps, the aneonens, and the long extensors of the 
wrist are paralyzed. The patient is nnable to extend the el- 
bow joinh the wrist joinh and the fingers. Wristdrop, or flex- 
ion of the wrist (CD Fig. 17-6), oeenrs as a resnlt of the 
aetion of the nnopposed flexor mnseles of the wrist. Wrist- 
drop is very disabling beeanse one is nnable to flex the fin- 
gers strongly for the pnrpose of firmly gripping an objeet 
with the wrist fnlly flexed. (Try it on yonrself.) If the wrist 
and proximal phalanges are passively extended by holding 
them in position with the opposite hand, the middle and 
distal phalanges of the fingers ean be extended by the aetion 
of the Inmbrieals and interossei, whieh are inserted into the 
extensor expansions. 

The braehioradialis and snpinator mnseles are also par- 
alyzed, bnt snpination is still performed well by the bieeps 
braehii. 



CD Fìgure 17-6 VVristdrop. 


Sensory 

A small loss of skin sensation oeenrs down the posterior snr- 
faee of the lower part of the arm and down a narrow strip on 
the baek of the forearm. A variable area of sensory loss is pre- 
sent on the lateral part of the dorsnm of the hand and on the 
dorsal snrfaee of the roots of the lateral three and a half fin- 
gers. The area of total anesthesia is relatively small beeause 
of the overlap of sensory innervation by adjaeent nerves. 

Trophie ehanges 

Trophie ehanges are slight. 

In]uries to the Radial Nerve in the 
Spiral Groove of the Humerus 

In the spiral groove of the hnmerns, the radial nerve ean be 
injnred at the time of fraetnre of the shaft of the hnmerns or 
subsequently involved dnring the formation of the eallus. 
The pressnre of the baek of the arm on the edge of the op- 
erating table in an nneonseions patient has also been known 
to injnre the nerve at this site. The prolonged applieation of 
a tourniquet to the arm in a person with a slender trieeps 
mnsele is often followed by temporary radial palsy. 

The elinieal findings in injnry to the radial nerve in the 
spiral groove are as follows: 

The injnry to the radial nerve oeenrs most eommonly 
in the distal part of the groove, beyond the origin of the 
nerves to the trieeps and the aneonens and beyond the ori- 
gin of the eutaneous nerves. 

■ Motor: The patient is unable to extend the wrist and the 
fingers, and wristdrop oeeurs. 

■ Sensory: A variable small area of anesthesia is present 
over the dorsal snrfaee of the hand and the dorsal surfaee 
of the roots of the lateral three and a half fingers. 

■ Trophie ehanges: These are very slight or absent. 

In]uries to the Deep Braneh of the 
Radial Nerve 

The deep braneh of the radial nerve is a motor nerve to the 
extensor mnseles in the posterior eompartment of the fore- 
arm. It ean be damaged in fraetnres of the proximal end of the 
radins or dnring disloeation of the radial head. The nerve snp- 
ply to the snpinator and the extensor earpi radialis longns will 
be nndamaged, and beeanse the latter mnsele is powerful, it 
will keep the wrist joint extended, and wristdrop will not oe- 
enr. No sensory loss oeenrs beeanse this is a motor nerve. 

Injuries to the Superficial Radial Nerve 

Division of the snperfieial radial nerve, whieh is sensory, as 
in a stab wound, resnlts in a variable small area of anesthe- 
sia over the dorsnm of the hand and the dorsal snrfaee of the 
roots of the lateral three and a half fingers. 
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lVlusculDcutaneDus Nerve Injnries 

The musculocutaneous nerve (see text Fig. 17-9) is rarely in- 
jured because of its proteeted position beneath the bieeps 
braehii muscle. If it is injnred high up in the arm, the bieeps 
and eoraeobraehialis are paralyzed and the braehialis mns- 
ele is weakened (the latter mnsele is also snpplied by the ra- 
dial nerve). Flexion of the forearm at the elbow joint is then 
prodneed by the remainder of the braehialis mnsele and the 
flexors of the forearm. When the forearm is in the prone po- 
sition, the extensor earpi radialis longns and the braehiora- 
dialis mnseles assist in flexion of the forearm. There is also 
sensory loss along the lateral side of the forearm. Wounds or 
ents of the forearm ean sever the lateral entaneons nerve of 
the forearm, a eontinnation of the mnsenloentaneons nerve 
beyond the enbital fossa, resnlting in sensory loss along the 
lateral side of the forearm. 

MEdian Nerve Injnries 

The median nerve (see text Fig. 17-9)^ which arises from the 
medial and lateral eords of the braehial plexus, gives off no cu- 
taneons or motor branehes in the axilla or in the arm. In the 
proximal third of the front of the forearm^ by nnnamed 
branehes or by its anterior interosseons braneh, it snpplies all 
the mnseles of the front of the forearm except the flexor earpi 
nlnaris and the medial half of the flexor digitornm profnndns, 
which are snpplied by the nlnar nerve. In the distal third of 
the forearm, it gives rise to a palmar entaneons braneh, which 
erosses in front of the flexor retinaenlnm and snpplies the skin 
on the lateral half of the palm (see CD Fig. 17-5). In the palm 
the median nerve snpplies the mnseles of the thenar emi- 
nenee and the first two inmbrieals and gives sensory innerva- 
tion to the skin of the palmar aspeet of the lateral three and a 
half fingers, inelnding the nail beds on the dorsnm. 

From a elinieal standpoinfl the median nerve is injnred 
oeeasionally in the elbow region in snpraeondylar fraetnres 
of the hnmerns. It is most eommonly injnred by stab 
wounds or broken glass jnst proximal to the flexor retinaen- 
Inm; here it lies in the interval between the tendons of the 
flexor earpi radialis and flexor digitornm snperfieialis, over- 
lapped by the palmaris longns. 

The elinieal findings in injnry to the median nerve are 
as follows. 

Injuries to the Median Nerve 
at the Elbow 

Motor 

The pronator mnseles of the forearm and the long flexor 
mnseles of the wrist and fingers, with the exception of the 
flexor earpi nlnaris and the medial half of the flexor digito- 
rnm profnndns, will be paralyzed. As a resnlfl the forearm is 
kept in the snpine position; wrist flexion is weak and is 



CD Fìgure 17-7 Median nerve palsy. 


aeeompanied by addnetion. The latter deviation is eansed by 
the paralysis of the flexor earpi radialis and the strength of the 
flexor earpi nlnaris and the medial half of the flexor digito- 
rnm profnndns. No flexion is possible at the interphalangeal 
joints of the index and middle fingers, althongh weak flexion 
of the metaearpophalangeal joints of these fingers is at- 
tempted by the interossei. When the patient tries to make a 
fish the index and to a lesser extent the middle fingers tend 
to remain straighfl whereas the ring and little fingers flex (CD 
Fig. 17-7). The latter two fingers are, however, weakened by 
the loss of the flexor digitornm snperfieialis. 

Flexion of the terminal phalanx of the thnmb is lost be- 
eanse of paralysis of the flexor pollieis longns. The mnseles 
of the thenar eminenee are paralyzed and wasted so that the 
eminenee is flattened. The thnmb is laterally rotated and 
addneted. The hand looks flattened and ''ape-like.” 

Sensory 

Skin sensation is lost on the lateral half or less of the palm of 
the hand and the palmar aspeet of the lateral three and a half 
fingers. Sensory loss also oeenrs on the skin of the distal part 
of the dorsal snrfaees of the lateral three and a half fingers. 
The area of total anesthesia is eonsiderably less beeanse of 
the overlap of adjaeent nerves. 

Vasomotor Ghanges 

The skin areas involved in sensory loss are warmer and drier 
than normal beeanse of the arteriolar dilatation and absenee 
of sweating resnlting from loss of sympathetie eontrol. 

Trophie ehanges 

In long-standing eases, ehanges are fonnd in the hand and 
fingers. The skin is dry and sealy, the nails eraek easily, and 
atrophy of the pnlp of the fingers is present. 
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lnjuries to the Median Nerve 
at the Wrist 

■ Motor: The muscles of the thenar eminenee are paralyzed 
and wasted so that the eminenee beeomes flattened. The 
thnmb is laterally rotated and addneted. The hand looks 
flattened and “ape-like.” Opposition movement of the 
thnmb is impossible. The first two Inmbrieals are para- 
lyzed, which ean be reeognized elinieally when the 
patient is asked to make a fist slowly, and the index and 
middle fingers tend to lag behind the ring and little fingers. 

■ Sensory, vasomotor, and trophie ehanges: These 
ehanges are identieal to those fonnd in the elbow lesions. 

Perhaps the most serions disability of all in median nerve 
injnries is the loss of ability to oppose the thnmb to the other 
fingers and the loss of sensation over the lateral fingers. The 
delieate pineer-like aetion of the hand is no longer possible. 

Garpal Tunnel Syndrome 

The earpal tnnnel, formed by the eoneave anterior snrfaee 
of the earpal bones and elosed by the flexor retinaenlnm, is 
tightly paeked with the long flexor tendons of the fingers, 
their snrronnding synovial sheaths, and the median nerve. 
eiinieally, the syndrome eonsists of a bnrning pain or ''pins 
and needles” along the distribntion of the median nerve to 
the lateral three and a half fingers and weakness of the 
thenar mnseles. It is prodneed by eompression of the me- 
dian nerve within the tnnnel. The exact eanse of the eom- 
pression is diffienlt to determine, bnt thiekening of the 
synovial sheaths of the flexor tendons or arthritie ehanges in 
the earpal bones are thonght to be responsible in many 
eases. As would be expected, no paresthesia oeenrs over the 
thenar eminenee beeanse this area of skin is snpplied by the 
palmar entaneons braneh of the median nerve, which passes 
snperfieially to the flexor retinaenlnm. The eondition is dra- 
matieally relieved by deeompressing the tnnnel by making a 
longitndinal ineision throngh the flexor retinaenlnm. 

Ulnar Nerve Injnries 

The nlnar nerve (see text Fig. 17-20A)^ which arises from the 
medial eord of the braehial plexus (C8 and Tl), gives off no 
entaneons or motor branehes in the axilla or in the arm. As 
it enters the forearm from behind the medial epieondyle^ it 
snpplies the flexor earpi nlnaris and the medial half of the 
flexor digitornm profnndns. In the distal third of the fore- 
arm, it gives off its palmar and posterior entaneons branehes. 
The palmar entaneons braneh snpplies the skin over the hy- 
pothenar eminenee; the posterior braneh snpplies the skin 
over the medial third of the dorsnm of the hand and the me- 
dial one and a half fingers. Not nneommonly, the posterior 
braneh snpplies two and a half instead of one and a half 
fingers. It does not snpply the skin over the distal part of the 
dorsnm of these fingers. 


Having entered the palm by passing in front of the 
fIexor retinaenlnm, the snperfieial braneh of the nlnar 
nerve snpplies the skin of the palmar snrfaee of the medial 
one and a half fingers (see CD Fig. 17-5), inelnding their 
nail beds; it also snpplies the palmaris brevis mnsele. The 
deep braneh snpplies all the small mnseles of the hand ex- 
eept the mnseles of the thenar eminenee and the first two 
inmbrieals, which are snpplied by the median nerve. 

The nlnar nerve is most eommonly injnred at the 
elbow, where it lies behind the medial epieondyle, and at 
the wrist, where it lies with the nlnar artery in front of the 
flexor retinaenlnm. The injnries at the elbow are nsnally 
assoeiated with fraetnres of the medial epieondyle. The su- 
perfieial position of the nerve at the wrist makes it vnlnera- 
ble to damage from ents and stab wounds. 

The elinieal findings in injnry to the nlnar nerve are as 
follows. 

Injuries to the Ulnar Nerve 
at the Elbow 

Motor 

The flexor earpi nlnaris and the medial half of the flexor dig- 
itornm profnndns mnseles are paralyzed. The paralysis of 
the flexor earpi nlnaris ean be observed by asking the patient 
to make a tightly elenehed fist. Normally, the synergistie ae- 
tion of the flexor earpi nlnaris tendon ean be observed as it 
passes to the pisiform bone; the tightening of the tendon will 
be absent if the mnsele is paralyzed. The profnndns tendons 
to the ring and little fingers will be fnnetionless, and the ter- 
minal phalanges of these fingers are therefore not eapable of 
being markedly flexed. Flexion of the wrist joint will resnlt 
in abdnetion, owing to paralysis of the flexor earpi nlnaris. 
The medial border of the front of the forearm will show flat- 
tening, owing to the wasting of the nnderlying nlnaris and 
profnndns mnseles. 

The small mnseles of the hand will be paralyzed, except 
the mnseles of the thenar eminenee and the first two Inm- 
brieals, which are snpplied by the median nerve. The 
patient is nnable to addnet and abdnet the fingers and eon- 
sequently is nnable to grip a pieee of paper plaeed between 
the fingers. Remember that the extensor digitornm ean 
abdnet the fingers to a small extent, bnt only when the 
metaearpophalangeal joints are hyperextended. 

It is impossible to addnet the thnmb beeanse the 
addnetor pollieis mnsele is paralyzed. If the patient is 
asked to grip a pieee of paper between the thnmb and the 
index finger, he or she does so by strongly eontraeting the 
flexor pollieis longns and flexing the terminal phalanx 
(Fromenfs sign). 

The metaearpophalangeal joints beeome hyperex- 
tended beeanse of the paralysis of the inmbrieal and 
interosseons mnseles, which normally flex these joints. Be- 
eanse the first and seeond inmbrieals are not paralyzed (they 
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CD Fìgure 17-8 Dlnar nerve palsy. 


are supplied by the median nerve), the hyperextension of 
the metaearpophalangeal joints is most prominent in the 
fonrth and fifth fingers. The interphalangeal joints are 
flexed, owing again to the paralysis of the Inmbrieal and in- 
terosseons mnseles, whieh normally extend these joints 
throngh the extensor expansion. The flexion deformity at 
the interphalangeal joints of the fonrth and fifth fingers is 
obvions beeanse the first and seeond Inmbrieal mnseles of 
the index and middle fingers are not paralyzed. In long- 
standing eases the hand assnmes the eharaeteristie 'Tlaw” 
deformity (main en griffe). Wasting of the paralyzed mns- 
eles resnlts in flattening of the hypothenar eminenee and 
loss of the eonvex enrve to the medial border of the hand. 
Examination of the dorsnm of the hand will show hollow- 
ing between the metaearpal bones eansed by wasting of the 
dorsal interosseons mnseles (CD Fig. 17-8). 

Sensory 

Loss of skin sensation will be observed over the anterior and 
posterior snrfaees of the medial third of the hand and the 
medial one and a half fingers. 

Vasomotor Ghanges 

The skin areas involved in sensory loss are warmer and drier 
than normal beeanse of the arteriolar dilatation and absenee 
of sweating resnlting from loss of sympathetie eontrol. 

Injuries to the Ulnar Nerve 
at the Wrist 

■ Motor: The small mnseles of the hand will be paralyzed 
and show wasting, exeept for the mnseles of the thenar 
eminenee and the first two Inmbrieals, as deseribed (see 
previons page). The elawhand is mneh more obvions in 
wrist lesions beeanse the flexor digitornm profnndns 


mnsele is not paralyzed, and marked flexion of the 
terminal phalanges oeenrs. 

■ Sensory: The main nlnar nerve and its palmar enta- 
neons braneh are nsnally severed; the posterior enta- 
neons braneh^ whieh arises from the nlnar nerve trnnk 
abont 2.5 in. (6.25 em) above the pisiform bone, is nsn- 
ally nnaffeeted. The sensory loss will therefore be 
eonfined to the palmar snrfaee of the medial third of 
the hand and the medial one and a half fingers and to 
the dorsal aspeets of the middle and distal phalanges of 
the same fingers. 

■ Vasomotor and trophie ehanges: These are the same as 
those deseribed for injnries at the elbow. It is important 
to remember that with nlnar nerve injnries^ the higher 
the lesion is, the less obvions is the elawing deformity of 
the hand. 

Unlike median nerve injnries^ lesions of the nlnar nerve 
leave a relatively effieient hand. The sensation over the lateral 
part of the hand is intaet, and the pineer-like aetion of the 
thnmb and index finger is reasonably good, althongh there is 
some weakness, owing to loss of the addnetor pollieis. 

ArtErial InnervatÌDn and 
Raynand’s DiseasE 

The arteries of the npper limb are innervated by sympa- 
thetie nerves. The preganglionie fibers originate from eell 
bodies in the seeond to eighth thoraeie segments of the 
spinal eord. They aseend in the sympathetie trnnk and 
synapse in the middle eervieal, inferior eervieal, first tho- 
raeie, or stellate ganglia. The postganglionie fibers join the 
nerves that form the braehial plexus and are distribnted to 
the arteries within the branehes of the plexus. For example, 
the digital arteries of the fingers are snpplied by postgan- 
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glionie sympathetie fibers that run in the digital nerves. 
Vasospastie diseases involving digital arterioles, sneh as 
Raynand's disease, may require a eervieodorsal pregan- 
glionie sympatheetomy to prevent neerosis of the fingers. 
The operation is followed by arterial vasodilatation, with 
eonsequent inereased blood flow to the npper limb. 

INTERGDSTAL 
NERVES 




Skin Innervatian ni tliE Lhest 

Wall and Referred Pain 

Above the level of the sternal angle, the entaneons innerva- 
tion of the anterior ehest wall is derived from the snpraelav- 
ienlar nerves (C3 and 4). Below this level, the anterior and 
lateral entaneons branehes of the intereostal nerves snpply 
obhque bands of skin in regnlar sequenee. The skin on 
the posterior snrfaee of the ehest wall is snpplied by the pos- 
terior rami of the spinal nerves. The arrangement of the 
dermatomes is shown in CD Figs. 17-1 and 17-2. 

An intereostal nerve not only snpplies areas of skin bnt 
also snpplies the ribs, eostal eartilages, intereostal mnseles, 
and parietal plenra lining the intereostal spaee. Fnrther- 
more, the seventh to eleventh intereostal nerves leave the 
thoraeie wall and enter the anterior abdominal wall so that 
they, in addition, snpply dermatomes on the anterior 
abdominal wall, mnseles of the anterior abdominal wall, 
and parietal peritonenm. This latter faet is of great elinieal 
importanee beeanse it means that disease in the thoraeie 
wall may be revealed as pain in a dermatome that extends 
aeross the eostal margin into the anterior abdominal wall. 
For example^ a pnlmonary thromboembolism or a pnen- 
monia with plenrisy involving the eostal parietal plenra 
eonld give rise to abdominal pain and tenderness and rigid- 
ity of the abdominal mnsenlatnre. The abdominal pain in 
these instanees is ealled referred pain. 

Herpes ZDsler 

Herpes zoster^ or shingles^ is a relatively eommon eondition 
eansed by the reaetivation of the latent varieella-zoster virns 
in a patient who has previonsly had ehiekenpox. The lesion 
is seen as an inflammation and degeneration of the sensory 
nenron in a eranial or spinal nerve with the formation of 
vesieles with inflammation of the skin. In the thorax the first 
symptom is a band of dermatomal pain in the distribntion 
of the sensory nenron in a thoraeie spinal nerve, followed in 
a few days by a skin ernption. The eondition oeenrs most 
frequently in patients older than 50 years. 


Tendon Reíle^es of the 
Lower Liinh 

Skeletal mnseles reeeive a segmental innervation. Most 
mnseles are innervated by two, three, or fonr spinal nerves 
and therefore by the same nnmber of segments of the spinal 
eord. The segmental innervation of the following mnseles in 
the lower limb shonld be known beeanse it is possible to test 
them by elieiting simple mnsele reflexes in the patient: 

■ Patellar tendon reflex (knee jerk): L2, 3, and 4 (exten- 
sion of the knee joint on tapping the patellar tendon) 

■ Aehilles tendon reflex (ankle jerk): S1 and S2 (plantar 
flexion of the ankle joint on tapping the Aehilles tendon) 

FemDral Nerve InjDry 

The femoral nerve (L2^ 3^ and 4) enters the thigh from be- 
hind the ingninal ligament, at a point midway between the 
anterior snperior iliae spine and the pnbie tnberele; it lies 
abont a fingerbreadth lateral to the femoral pnlse. Abont 2 
in. (5 em) below the ingninal ligament, the nerve splits into 
its terminal branehes (see text Fig. 17-29). 

The femoral nerve ean be injnred in stab or gnnshot 
wounds, bnt a eomplete division of the nerve is rare. The 
following elinieal featnres are present when the nerve is 
eompletely divided: 

■ Motor: The quadrieeps femoris mnsele is paralyzed, and 
the knee eannot be extended. In walking, this is eompen- 
sated for to some extent by nse of the addnetor mnseles. 

■ Sensory: Skin sensation is lost over the anterior and me- 
dial sides of the thigh, over the medial side of the lower 
part of the leg, and along the medial border of the foot as 
far as the ball of the big toe; this area is normally snpplied 
by the saphenons nerve. 

Seiatie Nerve InjDry 

The seiatie nerve (L4 and 5 and 81,2, and 3) enrves later- 
ally and downward throngh the glnteal region, sitnated at 
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first midway between the posterosnperior iliae spine and the 
isehial tnberosity, and lower down, midway between the tip 
of the greater troehanter and the isehial tnberosity. The 
nerve then passes downward in the midline on the posterior 
aspeet of the thigh and divides into the eommon peroneal 
and tibial nerves, at a variable site above the popliteal fossa 

(see text Figs. 17-42 and 17-46). 

Trauma to the Seiatie Nerve 

The nerve is sometimes injnred by penetrating wounds, 
fraetnres of the pelvis, or disloeations of the hip joint. It is 
most frequently injnred by badly plaeed intramnsenlar in- 
jeetions in the glnteal region. To avoid this injnry, injee- 
tions into the glntens maximus or the glntens medins shonld 
be made well forward on the npper onter quadrant of the 
bnttoek. Most nerve lesions are ineomplete, and in 90% of 
injnries^ the eommon peroneal part of the nerve is the most 
affeeted. This ean probably be explained by the faet that the 
eommon peroneal nerve fibers lie most snperfieial in the 
seiatie nerve. The following elinieal featnres are present: 

■ Motor: The hamstring mnseles are paralyzed, bnt weak 
flexion of the knee is possible beeanse of the aetion of the 
sartorins (femoral nerve) and graeilis (obtnrator nerve). 
All the mnseles below the knee are paralyzed, and the 
weight of the foot eanses it to assnme the plantar-flexed 
position, or foot drop (CD Fig. 17-9). 

■ Sensory: Sensation is lost below the knee, exeept for a 
narrow area down the medial side of the lower part of the 
leg and along the medial border of the foot as far as the 
ball of the big toe, whieh is snpplied by the saphenons 
nerve (femoral nerve). 



CD Fìgure 17-9 Foot drop. With this eondition, the individ- 
ual eatehes his or her toes on the ground when walking. 


The resnlt of operative repair of a seiatie nerve injnry is 
poor. It is rare for aetive movement to retnrn to the small 
mnseles of the fooh and sensory reeovery is rarely eomplete. 
Loss of sensation in the sole of the foot makes the develop- 
ment of trophie nleers inevitable. 

Seiatiea 

Seiatiea deseribes the eondition in whieh patients have pain 
along the sensory distribntion of the seiatie nerve. Thns, the 
pain is experieneed in the posterior aspeet of the thigh, the 
posterior and lateral sides of the leg, and the lateral part of 
the foot. Seiatiea ean be eansed by prolapse of an interver- 
tebral dise with pressnre on one or more roots of the lower 
Inmbar and saeral spinal nerves, pressnre on the saeral 
plexus or seiatie nerve by an intrapelvie tnmor, or inflam- 
mation of the seiatie nerve or its terminal branehes. 

CDinmGn Pernneal Nerve Injnry 

The eommon peroneal nerve (see text Fig. 17-38) is in an 
exposed position as it leaves the popliteal fossa and winds 
aronnd the neek of the fibnla to enter the peronens longns 
mnsele. 

It is eommonly injnred in fraetnres of the neek of the 
fibnla and by pressnre from easts or splints. The following 
elinieal featnres are present: 

■ Motor: The mnseles of the anterior and lateral eompart- 
ments of the leg are paralyzed, namely, the tibialis an- 
terior, the extensor digitornm longns and brevis, the 
peronens tertins, the extensor hallneis longns (snpplied by 
the deep peroneal nerve), and the peronens longns and 
brevis (snpplied by the snperfieial peroneal nerve). As a 
resnlt, the opposing mnseles, the plantar flexors of the an- 
kle joint and the invertors of the snbtalar and transverse 
tarsal joints, eanse the foot to be plantar flexed (foot drop) 
and inverted, an attitnde referred to as equinovarus. 

■ Sensory: Loss of sensation oeenrs down the anterior and 
lateral sides of the leg and dorsnm of the foot and toes, in- 
elnding the medial side of the big toe. The lateral border 
of the foot and the lateral side of the little toe are virtnally 
nnaffeeted (snral nerve, mainly formed from tibial 
nerve). The medial border of the foot as far as the ball of 
the big toe is eompletely nnaffeeted (saphenons nerve, a 
braneh of the femoral nerve). 

When the injnry oeenrs distal to the site of origin of the 
lateral entaneons nerve of the ealf, the loss of sensibility is 
eonfined to the area of the foot and toes. 

Tibial Nerve Injnry 

The tibial nerve (see text Fig. 17-42) leaves the popliteal 
fossa by passing deep to the gastroenemins and solens mns- 
eles. Beeanse of its deep and proteeted position, it is rarely 
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injured. Gomplete division resnlts in the following elinieal 
featnres: 

■ Motor: All the mnseles in the baek of the leg and the sole 
of the foot are paralyzed. The opposing mnseles dorsiflex 
the foot at the ankle joint and evert the foot at the snbta- 
lar and transverse tarsal joints, an attitnde referred to as 
calcaneovalgus. 

■ Sensory: Sensation is lost on the sole of the foot; later, 
trophie nleers develop. 

Dbturalor Nerve Injory 

The obtnrator nerve (L2, 3, and 4) enters the thigh as ante- 
rior and posterior divisions throngh the npper part of the ob- 
tnrator foramen. The anterior division deseends in front of 
the obtnrator externus and the addnetor brevis, deep to the 
floor of the femoral triangle. The posterior division deseends 
behind the addnetor brevis and in front of the addnetor 

magnns (see text Fig. 17-33). 

It is rarely injnred in penetrating wounds, in anterior dis- 
loeations of the hip joint, or in abdominal herniae throngh 
the obtnrator foramen. It may be pressed on by the fetal head 
dnring partnrition. The following elinieal featnres oeenr: 

■ Motor: All the addnetor mnseles are paralyzed exeept 
the hamstring part of the addnetor magnns, whieh is 
snpplied by the seiatie nerve. 

■ Sensory: The entaneons sensory loss is minimal on the 
medial aspeet of the thigh. 

REÍerred Pain frnin Ihe Hip Jnint 

The femoral nerve not only snpplies the hip joint bnh via 
the intermediate and medial entaneons nerves of the thigh, 
also snpplies the skin of the front and medial side of the 
thigh. It is not snrprising^ therefore^ for pain originating in 
the hip joint to be referred to the front and medial side of the 
thigh. The posterior division of the obtnrator nerve snpplies 
both the hip and knee joints. This would explain why hip 
joint disease sometimes gives rise to pain in the knee joint. 


SAGRAL PLEXU5 

Pressare from the Fetal Head an 
the Saeral Plexus 

Dnring the later stages of pregnaney, when the fetal head 
has deseended into the pelvis, the mother often eomplains 
of diseomfort or aehing pain extending down one of the 
lower limbs. The diseomfort, eansed by pressnre from the 
fetal head, is often relieved by ehanging position, sneh as 
lying on the side in bed. 



Invasion of the Saeral Plexns 
by Malignant Tnmors 

The nerves of the saeral plexus ean beeome invaded by 
malignant tnmors extending from neighboring viseera. 
A eareinoma of the reetnm, for example, ean eanse severe 
intraetable pain down the lower limbs. 

Referred Pain from the 
Dbtnratnr Nerve 

The obtnrator nerve lies on the lateral wall of the pelvis and 
snpplies the parietal peritonenm. An inflamed appendix 
hanging down into the pelvie eavity eonld eanse irritation of 
the obtnrator nerve endings, leading to referred pain down 
the inner side of the right thigh. Inflammation of the ovaries 
ean prodnee similar symptoms. 

LLINILAL 
ANATDMY DL 
SPINAL NERVE 
DLDLKS 

Rraehial Plexus fllnek 

In the neek, the braehial plexus oeenpies the lower part 
of the posterior triangle (CD Fig. 17-10). It lies below and 
anterior to a line eonneeting the erieoid eartilage of 
the larynx to the midpoint of the elaviele. In the axilla, the 
braehial plexus and its branehes are arranged within 
the axillary sheath aronnd the axillary artery, whieh ean be 
palpated. 

Fonr teehniques ean be nsed —intersealene bloek, snpra- 
elavienlar bloek, infraelavienlar bloek, and axillary bloek. 

intersealene Bloek 

Proeednre: At the level of the erieoid eartilage (C6) the 
posterior border of the sternoeleidomastoid mnsele ean 
be palpated. With the head tnrned laterally and upward 
from the side of the bloek, the palpating finger ean feel 
the groove between the sealenns anterior and the 
sealenns medins mnseles jnst lateral to the sternoeleido- 
mastoid mnsele (see CD Fig. 17-10). The bloeking 

needle is inserted into the interval between the sealene 
mnseles, and the roots of the npper part of the braehial 
plexus ean be bloeked. 
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CD Figure 17-10 A. Braehial plexus bloek. Supraclavicular bloek. The needle is inserted 
just posterior to the posterior border of the sternoeleidomastoid muscle at the level of the 
erieoid eartilage at the lovver anterior eorner of the posterior triangle. The needle is 
direeted caudally behind the palpable subclavian artery. In an infraclavicular bloek, the 
needle is inserted inferior to the midpoint of the elaviele and is direeted laterally in the 
direetion of the head of the humerus and tovvard the subclavian artery. B. Sites of 
supraclavicular and infraclavicular braehial plexus bloeks. C. Axillary nerve bloek. The 
axillary artery is palpated and the needle is inserted into the axillary sheath (see text). 

D. Site of the axillary braehial plexus bloek. 
















































276 Ghapter 17 


Supraclavicular Bloek 

Procedure: The trunks of the braehial plexus ean be 
bloeked as they eross the first rib and enter the axilla (see 
CD Fig. 17-10). The third part of the snbelavian artery is 
first palpated in the lower anterior eorner of the posterior 
triangle of the neek. The posterior border of the stern- 
oeleidomastoid mnsele is then felt. A bloeking needle is 
inserted at the level of the erieoid eartilage between the 
sealenns anterior and the sealenus medins mnseles and 
direeted eandally behind the snbelavian artery toward 
the npper snrfaee of the first rib (see CD Fig. 17-10). It is 
here that the braehial plexus is very eompaeh eonsisting 
of the npper middle and lower trunks. 

Anatomy of eomplieations: The snbelavian artery lies 
between the sealenns anterior and sealenns medins mus- 
eles jnst behind the elaviele and may be piereed by the 
needle. The eervieal dome of parietal plenra is sitnated 
elose to the braehial plexus, and a pneumothorax ean be 
eansed if the needle enters the plenral eavity. 

Infraclavicular Bloek 

Proeednre: The middle of the elaviele is identified. A 
bloeking needle is inserted 1 in. (2.5 em) inferior to it 
and direeted laterally in the direetion of the head of the 
hnmerns and toward the snbelavian artery. The anes- 
thetie solntion is infiltrated aronnd the trnnks of the 
braehial plexus (see CD Fig. 17-10). 

Anatomy of eomplieations: The elose relationship of the 
axillary vessels to the braehial plexus within the axillary 
sheath means that vessel pnnetnre and hematoma for- 
mation may oeenr. Frequent aspirations are neeessary 
before the anesthetie agent is injeeted. 

Axillary Bloek 

Proeednre: With the arm abdneted to an angle greater 
than 90°, the axillary artery within the axillary sheath 
may be palpated high up in the axilla (see CD Fig. 17- 
10). The artery is eompressed, and a bloeking needle is 
inserted jnst proximal to the point of eompression into 
the axillary sheath. The eords and branehes of the 
plexus lie within the sheath along with the artery. The 
disadvantage of this approaeh is the diffienlty in bloek- 
ing the mnsenloentaneons nerve. The objeet of eom- 
pressing the artery distal to the point of injeetion is 
to elose off the axillary sheath distally so that the 
anesthetie agent may rise in the sheath to the mnsenlo- 
entaneons nerve. 

Anatomy of eomplieations: The elose relationship of the 
axillary vessels to the braehial plexus within the axillary 
sheath means that vessel pnnetnre and hematoma for- 
mation may oeenr. Frequent aspirations are neeessary 
before the anesthetie agent is injeeted. 


l\/lusculDcutanEDUs Nerve BlDck 

Area of anesthesia: The anterior and posterior snrfaees of 
the lateral border of the forearm down as far as the thenar 

eminenee (see CD Figs. 17-1 and 17-2) 

indieations: Repair of laeerations on the lateral border of 
the forearm 

Proeednre: These inelnde the following: 

■ Braehial plexus approaeh: The mnsenloentaneons 
nerve trnnk may be bloeked with the rest of the braehial 
plexus (see CD Fig. 17-10). The infraelavienlar or axil- 
lary approaeh is nsed; in the axillary approaeh great 
eare has to be taken to ensnre that the anesthetie agent 
rises snffieiently high in the axillary sheath to bloek the 
mnsenloentaneons nerve. 

■ Lateral entaneons nerve of the forearm approaeh: The 

mnsenloentaneons nerve may also be bloeked as it 
emerges between the bieeps and the braehialis museles 
jnst above the lateral epieondyle of the humerus, where 
it beeomes the lateral entaneons nerve of the forearm 
(CD Fig. 17-11). The needle is inserted jnst lateral to the 
tendon of the bieeps musele on a line between the two 
epieondyles of the hnmerns. 

Median Nerve Blnek 

Area of anesthesia: The skin on the lateral half of the 
palm, the palmar aspeet of the lateral three and a half 
fingers, inelnding the nail beds on the dorsnm (see CD 

Fig. 17-16) 

indieations: Repair of laeerations of the palm and fingers 
Proeednres: These inelnde the following: 

■ Bloek at the elbow: With the elbow joint extended, the 
braehial artery ean easily be palpated in the enbital fossa 
on the medial side of the tendon of the bieeps mnsele. 
The needle is inserted on the medial side of the braehial 

artery (CD Fig. 17-12). 

■ Bloek at the wrist: Here the median nerve lies on 
the medial side of the tendons of the flexor earpi radi- 
alis and to the lateral side of the flexor digitorum su- 
perfieialis (CD Fig. 17-13); it nsnally lies posterior 
to the tendon of the palmaris longns mnsele (some- 
times absent). The nerve may be infiltrated here with 
loeal anesthetie jnst proximal to the flexor retinaenlnm 
(i.e., jnst proximal to the distal transverse erease in front 
of the wrist). The needle is inserted for 3/8 in. between 
the tendons of flexor earpi radialis and the palmaris 
longns. 

The palmar entaneons braneh of the median nerve 
leaves the main trnnk jnst proximal to the distal transverse 
erease of the palm, and, nnless this nerve is also bloeked, 
the sensation to the skin on the lateral part of the palm will 
remain intaet. 
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CD Figure 17-11 Lateral cutaneous nerve of the forearm bloek. A and B show the 
musculocutaneous nerve beeoming the lateral cutaneous nerve of the forearm. The nerve 
is bloeked just lateral to the tendon of the bieeps braehii muscle on a line between the two 
epieondyles of the humerus. 


Ulnar Nerve Bloek 

Area of anesthesia: The skin of the medial one third of 
the palmar and dorsal snrfaees of the hand and the pal- 
mar and dorsal snrfaees of the medial one and a half 

fingers (see CD Fig. 17-16) 

Indieations: Repair of laeerations of the hand and fingers 
Proeednres: These involve the following: 

■ Bloek at the elbow: At the elbow, the nlnar nerve enters 
the forearm between the oleeranon proeess of the nlna 
and the medial epieondyle of the hnmerns (CD Fig. 17- 
14). Here the nerve may be palpated and infiltrated with 
an anesthetie agent. 

■ Bloek at the wrist: At the wrist, the nlnar nerve en- 
ters the hand anterior to the flexor retinaenlnm and 


lateral to the tendons of the flexor earpi nlnaris mnsele 
and the pisiform bone (see CD Fig. 17-13). The ul- 

nar artery lies on the lateral side of the nlnar nerve. 
The needle is inserted jnst lateral to the flexor earpi ul- 
naris tendon at the level of the distal transverse erease of 
the wrist. 

Note that the dorsal entaneons braneh of the nlnar 
nerve (see CD Fig. 17-16) leaves the main trnnk abont 2 in. 
(5 em) proximal to the wrist; an nlnar nerve bloek at the 
wrist will therefore leave the skin sensation on the dorsnm of 
the hand and fingers intaet. 

Also, the snperfieially plaeed palmar entaneons braneh 
of the nlnar nerve leaves the nerve trnnk a variable distanee 
proximal to the transverse erease of the wrist; nnless this 
nerve is also infiltrated with anesthetie, the nlnar bloek at 
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CD Figure 17-12 A and B. Median nerve bloek at the elbovv. The braehial artery is 
identified in the eobital fossa, and the needle is inserted on the medial side of the artery. 


the wrist will leave the sensory nerve snpply to the medial 
part of the palm intaet. 

Radial Nerve Blaek 

Area of anesthesia: The skin of the baek of the arm down 
as far as the elbow, the skin of the lower lateral snrfaee of 
the arm down to the elbow, the skin down the middle of 
the posterior snrfaee of the forearm as far as the wrish the 
skin of the lateral half of the dorsal snrfaee of the hand, and 
the dorsal snrfaee of the lateral three and a half fingers 
proximal to the nail beds (see CD Figs. 17-1 and 17-2) 
indieations: Repair of laeerations of the hand: 
Proeednres: These involve the following: 

■ Bloek at the elbow: At the elbow, the radial nerve de- 
seends anterior to the lateral epieondyle of the hnmerns 
in the interval between the braehialis and the braehiora- 
dialis mnseles (CD Fig.17-15). With the elbow joint 
extended, the lateral edge of the bieeps tendon is easily 
palpated. The needle is inserted halfway between the 
tendon and the tip of the lateral epieondyle, and the loeal 
anesthetie is injeeted at this point. 

■ Bloek at the wrist: Jnst proximal to the wrist, the snperfi- 
eial braneh of the radial nerve lies lateral to the radial 
artery. The nerve leaves the artery and passes laterally and 
baekward nnder the tendon of braehioradialis to reaeh 
the posterior snrfaee of the wrist (see CD Fig. 17-15). At 


the level of the proximal transverse flexor erease on the 
lateral side of the radial artery, the nerve may be infil- 
trated with an anesthetie solntion. Sinee other terminal 
branehes of the radial nerve rnn in the snbentaneons tis- 
sne on the dorsnm of the wrish a snbentaneons wheal of 
loeal anesthetie is neeessary; this shonld rnn aeross the 
lateral half of the dorsnm of the wrist. 

Digital Nerve Bloeks 

Area of anesthesia: Skin of the fingers. Eaeh finger is 
snpplied by fonr digital nerves at the 2 o'eloek, 5 o'eloek, 
7 o'eloek, and 10 o'eloek positions. The palmar digital 
nerves are derived from the nlnar and median nerves; the 
dorsal digital nerves are derived from the nlnar and radial 

nerves (CD Fig. 17-16). 

The palmar digital nerves, whieh arise from the su- 
perfieial terminal braneh of the nlnar nerve in the hand^ 
snpply the palmar snrfaee of the medial one and a half 
fingers, inelnding their nail beds. The dorsal digital 
nerves, whieh arise from the dorsal entaneons braneh of 
the nlnar nerve in the forearm, snpply the dorsal snrfaee 
of the proximal parts of the medial one and a half fingers 

(seeCDFig. 17-16). 

The palmar digital nerves^ whieh arise from the me- 
dian nerve in the palm, snpply the palmar snrfaee of the 
lateral three and a half fingers, inelnding their nail beds. 
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CD Figure 17-13 A and B. Me- 

dian and ulnar nerve bloeks at the 
vvrist. In a median nerve bloek, the 
needle is inserted just proximal to 
the distal transverse erease of the 
vvrist betvveen the tendons of 
flexor earpi radialis and the pal- 
maris longus. In an ulnar nerve 
bloek, the needle is inserted just 
lateral to the flexor earpi ulnaris 
tendon at the level of the distal 
transverse erease of the vvrist. 
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CD Figure 17-14 A and B. Dlnar 
nerve bloek at the elbovv. The 
ulnar nerve may be palpated 
betvveen the oleeranon proeess of 
the ulna and the medial epi- 
eondyle of the humerus, vvhere it 
may be infiltrated with anesthetie. 
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superficial braneh CD Figure 17-15 A. Radial nerve 

of radial nerve bloek at the elbovv. The needle is 

inserted halfvvay betvveen the 
tendon of the bieeps braehii and 
the tip of the lateral epieondyle of 
the hunnerus. B. Radial nerve 
bloek at the vvrist. The needle is 
inserted into the subcutaneous 
tissue on the dorsunn of the hand, 
tendon of and a vvheal of anesthetie is 

braehioradialis plaeed aeross the lateral half of 

muscle the dorsom of the vvrist. 



The dorsal digital nerves, whieh arise from the snperfieial 
braneh of the radial nerve, snpply the dorsal snrfaee of 
the proximal parts of the lateral three and a half fingers 

(see CD Fig. 17-16). 

Note that the origins of the dorsal digital nerves from 
the nlnar and radial nerves are snbjeet to variation. 
indieations: Repair of laeerations involving individnal 
fingers; removal of nails 
Proeednres: These involve the following: 

Web spaee method: At the web spaee, the digital nerves 
are abont to enter the fingers (CD Fig. 17-17). The nee- 
dle is inserted abont 0.5 em, and the nerves are infiltrated 
with the anesthetie agent. A bloek on both sides of the fin- 
ger adequately deals with the fonr digital nerves snpplying 
the finger. When bloeking the digital nerves of the index 
and little fingers, a snbentaneons wheal of anesthetie so- 
Intion mnst be deposited on the lateral side of the index 
finger and the medial side of the little finger. 

Dorsal metaearpal method: A skin wheal of anesthetie is 
raised between the metaearpal bones on the dorsnm of 

the hand (see CD Fig. 17-17). The needle is inserted 

throngh the wheal and advaneed slowly forward between 
the metaearpal bones, stopping jnst short of the palmar 
skin. The anesthetie solntion will bloek the eommon 
palmar and dorsal digital nerves. 


■ Metaearpal head bloek: The needle is inserted in the 
palm at the metaearpal head and direeted slightly distally 
and medially and then slightly distally and laterally to 
bloek the palmar digital nerves (see CD Fig. 17-17). The 
dorsal digital nerves, if they remain nnbloeked, are han- 
dled with an injeetion aeross the base of the dorsnm of 
the proximal phalanx. 

■ Ring bloek: Sinee the digital nerves lie in pairs on ei- 
ther side of the proximal phalanges, they are easily 
bloeked at the base of the digit (see CD Fig. 17-16). 
The needle is inserted on both sides of the base of the 
proximal phalanx, and the anesthetie agent is infiltrated 
aronnd the nerves between the bone and the skin; this 
prodnees a half-ring bloek on either side of the finger 

(see CD Fig. 17-17). 

Thoraeie Spinal Nerve Blneks 
inlerenstal Nerve Blnek 

Area of anesthesia: The skin and the parietal plenra eov- 
ering the onter and inner snrfaees of eaeh intereostal 
spaee respeetively; the seventh to the eleventh intereostal 
nerves snpply the skin and the parietal peritonenm 
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CD Figure 17-16 A. Transverse seetion of the finger shovving the loeation of the dorsal 
and palnnar digital nerves. B. Palmar surface of hand and fingers shovving the origin of the 
palmar digital nerves. C. Palmar surface of the hand and fingers shovving the areas of skin 
supplied by the ulnar, median, and radial nerves. D. Dorsal surface of the hand and 
fingers shovving the origin of the dorsal digital nerves. E. Dorsal surface of the hand and 
fingers shovving the areas of skin supplied by the radial, ulnar, and median nerves. 


eovering the onter and inner snrfaees of the abdominal 
wall, respeetively; therefore, these areas will also be anes- 
thetized. In addition, the periostenm of the adjaeent ribs 
is anesthetized. 

indieations: Repair of laeerations of the thoraeie and ab- 
dominal walls; relief of pain in rib fraetnres and to allow 
pain-free respiratory movements 


Proeednre: To prodnee analgesia of the anterior and lat- 
eral thoraeie and abdominal walls, the intereostal nerve 
shonld be bloeked before the lateral entaneons braneh 
arises at the midaxillary line. The ribs may be identified 
by eonnting up from the twelfth or down from the seeond 
(opposite sternal angle). The needle is direeted toward 
the rib near the lower border (CD Fig. 17-18), and the tip 
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CD Fìgure 17-17 Digital nerve bloeks. 

A. Web spaee nnethod. The needle is 
inserted about 0.5 enn into the web spaee. A 
bloek on both sides of the finger anes- 
thetizes the four digital nerves to the finger. 

B. Dorsal nnetaearpal method. The needle is 
direeted forward between the metaearpal 
bones, stopping just short of the palmar 
skin. The four digital nerves to eaeh finger 
are bloeked. C. Metaearpal head bloek. The 
needle is inserted in the palm at the level of 
the metaearpal head and direeted slightly 
distally and medially and then slightly 
distally and laterally. D. Ring bloek. The nee- 
dle is inserted on both sides of the base of 
the proximal phalanx to produce a half-ring 
bloek on either side of the finger. 


eomes to rest near the snbeostal groove, where the loeal 
anesthetie is infiltrated aronnd the nerve. Remember 
that the order of strnetnres lying in the nenrovasenlar 
bnndle from above downward is intereostal vein, artery, 
and nerve, and that these strnetnres are sitnated between 
the posterior intereostal membrane of the internal inter- 
eostal mnsele and the parietal plenra. Fnrthermore, 
laterally the nerve lies between the internal intereostal 
mnsele and the snbeostals and the innermost intereostals 
(i.e., transverse thoraeie mnsele). 

Anatomy of eomplieations: These inelnde the following: 
Pneumothorax: This eomplieation ean oeenr if the nee- 
dle point misses the snbeostal groove and penetrates too 
deeply throngh the parietal plenra. 

Hemorrhage: Pnnetnre of the intereostal blood vessels. 
This is a eommon eomplieation so that aspiration shonld 


always be performed before injeeting the anesthetie. A 
small hematoma may resnlt. 

Anteriar AhdDminal Nerve Dlneks 

Area of anesthesia: Skin of the anterior abdominal wall. 
The nerves of the anterior and lateral abdominal walls 
are the anterior rami of the seventh throngh the twelfth 
thoraeie nerves and the first Inmbar nerve. 

Indieations: Repair of laeerations of the anterior 
abdominal wall 

Proeednre: The anterior ends of the intereostal nerves 
T7 throngh T11 enter the abdominal wall by leaving the 
intereostal spaees and passing posterior to the eostal ear- 
tilages (CD Fig. 17-19). An abdominal field bloek is most 
easily earried ont along the lower border of the eostal 
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CD Fìgure 17-18 intereostal nerve bloek. A. The distribotion of two intereostal nerves 
relative to the rib eage. B. Seetion throogh an intereostal spaee showing the positions of 
the intereostal nerve, artery, and vein relative to the intereostal moseles. The needle is 
direeted toward the rib near the lower border, and the tip eomes to rest near the subcostal 
groove. 


margin and then infiltrating the nerves as they emerge 
between the xiphoid proeess and the tenth or eleventh rib 
along the eostal margin. 

Lmnhar Spinal Nerve Blneks 

BiDÌngmnal and niDhypngaslrie 

Nerve Dlneks 

Area of anesthesia: Skin of the lower part of the anterior 
abdominal wall 

indieations: Repair of laeerations on the anterior ab- 
dominal wall 

Proeednre: The ilioingninal nerve (Ll) passes forward 
aronnd the anterior abdominal wall, throngh the in- 
gninal eanal, and emerges throngh the snperfieial in- 
gninal ring to snpply the skin of the groin and part of the 
serotnm or labinm majns. The iliohypogastrie nerve (Ll) 
passes aronnd the abdominal wall and pierees the exter- 
nal obligne aponenrosis above the snperfieial ingninal 
ring to snpply the skin (see CD Fig. 17-19). 


The two nerves are easily bloeked by inserting the anes- 
thetie needle 1 in. (2.5 em) above the anterior snperior iliae 
spine on the spinonmbilieal line (see CD Fig. 17-19). 

GBnitnfeniDral Nerve BlDck 

Area of anesthesia: Small area of skin of the thigh below 
the ingninal ligament and adjaeent part of the serotnm or 
labinm majns 

indieations: Repair of laeerations in the thigh and geni- 
tal area 

Proeednre: The genitofemoral nerve (L1 and L2) rnns 
downward nnder the ingninal ligament at a point 
halfway between the anterior snperior iliae spine and the 
symphysis pnbis. The terminal branehes are most easily 
bloeked by infiltrating the snbentaneons tissne throngh a 
needle inserted throngh the skin lateral to the pnbie 

tnberele (see CD Fig. 17-19). 

FeniDral Nbfve BlDek 

Area of anesthesia: Skin of the front and medial side of 
the thigh, extending down the medial side of the knee 
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CD Figure 17-19 Anterior abdominal 
wall nerve bloeks. A and B. T7 
throogh T11 intereostal nerves are 
bloeked (x) as they emerge from be- 
neath the eostal margin. The 
iliohypogastrie and ilioingoinal nerves 
are bloeked by inserting the needle 
about 1 in. above the anterior superior 
iliae spine on the spinoumbilical line 
(x). The terminal branehes of the 
genitofemoral nerve are bloeked by in- 
serting the needle through the skin 
just lateral to the pubic tubercle and 
infiltrating the subcutaneous tissue 
with anesthetie solution (x). 


and leg, and along the medial border of the foot as far as 
the ball of the big toe 

indieations: Repair of laeerations of the thigh, medial 
side of the leg, and medial side of the foot 
Proeednre: The femoral nerve (L2 throngh L 4) enters 
the thigh beneath the ingninal ligament at a point mid- 
way between the anterior snperior iliae spine and the pu- 

bie tnberele (CD Fig. 17-20). Here it lies lateral to the 

femoral artery. 

The nerve may be bloeked by introdneing the anes- 
thetie needle jnst below the midpoint of the ingninal liga- 
ment and lateral to the femoral artery (see CD Fig. 17-20). 

SaphenGus Nerve Dloek 

Area of anesthesia: Skin of the medial side of the leg and 
the medial border of the foot down as far as the ball of the 
big toe 

indieations: Repair of laeerations on the medial side of 
the leg and the medial side of the foot 
Proeednre: The saphenons nerve is a eontinnation 
of the femoral nerve and beeomes snperfieial on the 


medial side of the knee after emerging between 
the tendons of sartorins and graeilis mnseles (CD Fig. 

17-21). 

The nerve may be bloeked by inserting the anesthetie 
needle on the medial side of the knee joint either over the 
medial femoral eondyle or lower down over the eondyle of 
the tibia (see CD Fig. 17-21). Care shonld be taken to avoid 
the great saphenons vein. The nerve may also be bloeked at 
the ankle where it passes anterior to the medial malleolns 

(seeCDFig. 17-21). 

Lateral CulaneGus Nerve nf the 

Thigh Blnek 

Area of anesthesia: Skin of the anterolateral snrfaee of 
the thigh down to the lateral side of the knee 
indieations: Repair of laeerations on the anterolateral 
snrfaee of the thigh 

Proeednre: The lateral entaneons nerve of the thigh 
(L2 and L3) enters the thigh behind (or throngh) 
the lateral end of the ingninal ligament jnst medial to 
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CD Fìgure 17-20 Femoral nerve bloek. The needle is direeted posteriorly just belovv the 
midpoint of the inguinal ligament and lateral to the femoral artery. In a lateral cutaneous 
nerve of the thigh bloek, the needle is direeted posteriorly just inferior to the inguinal liga- 
ment about 0.5 in. (1.3 em) medial to the anterior superior iliae spine. 


the anterior snperior iliae spine (see CD Fig. 17-20). It 
then deseends anterior or throngh the sartorins mnsele 
and divides into terminal anterior and posterior 
branehes. 

The nerve may be bloeked by inserting the anesthetie 
needle jnst inferior to the ingninal ligament abont 0.5 in. 
(1.3 em) medial to the anterior snperior iliae spine. 


Saeral Spinal NervE Bloeks 
Tibial Nerve Blaeh 

Area of anesthesia: Skin of the sole of the foot (medial 
and lateral plantar nerves) 
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CD Figure 17-21 Nerve bloeks on the front of the lovver part of the leg and dorsunn of 
foot. A. The saphenous nerve, the superficial peroneal nerve, and the deep peroneal nerve 
in relation to other innportant anatomie structures. B. The surface landmarks in the ankle 
region and on the dorsum of the foot neeessary for performing superficial peroneal nerve 
bloek, saphenous nerve bloek, and deep peroneal nerve bloek. C. The surface landmarks 
used for performing saphenous nerve bloek on the medial side of the knee. 


indieations: Repair of laeerations on the sole of foot 
Proeednre: The tibial nerve (L4 and L5 and S1 throngh 
S3) is the largest terminal braneh of the seiatie nerve. At 
the ankle, the nerve, aeeompanied by the posterior tibial 
artery, beeomes snperfieial. It lies behind the medial 
malleolns, between the tendons of the flexor digitornm 
longns and the flexor hallneis longns mnseles, and is 
eovered by the flexor retinaenlnm (CD Fig. 17-22). 

The tibial nerve may be bloeked as it lies behind the 
medial malleolns. By earefnl palpation, the pnlsations of the 


posterior tibial artery ean be felt midway between the medial 
malleolns and the heel. The nerve lies immediately poste- 
rior to the artery, and the anesthetie needle ean be inserted 
at this loeation (see CD Fig. 17-22). 

Sural Nerve Dloek 

Area of anesthesia: Skin of the lateral border of foot and 
lateral side of the little toe 

indieations: Repair of laeerations on the lateral side of 
the foot and little toe 






















The Spìnal Nerves and Spìnal Nerve Bloeks 287 



flexor digitorum 
longus muscle 


tibial nerve 

tibialis posterior muscle 



tendo calcaneus 


medial plantar nerve 


lateral plantar nerve 



medial malleolus 


tibial nerve 

posterior tibial artery 



CD Figure 17-22 Tibial nerve bloek. 
A. The tibial nerve and its relationships 
as it passes behind the medial malleolus 
of the tibia. B. The important surface 
landmarks used when bloeking the tibial 
nerve at the ankle. 


Procedure: The sural nerve is a braneh of the tibial 
nerve in the popliteal spaee. It deseends siiperfieially in 
the ealf aeeompanied by the small saphenons vein. It 
eonrses behind the lateral malleolns and passes to 
its distribiition along the lateral border of the foot and 

little toe (CD Fig. 17-23). 

The siiral nerve may be bloeked by inserting the anes- 
thetie needle midway between the lateral malleoliis and the 
tendo ealeanens (Aehilles) and infiltrating the snbenta- 
neons tissiie with anesthetie solntion (see CD Fig. 17-23). 

CGmmGn PErGneal Ne™ Blnek 

Area of anesthesia: Skin on the anterior and lateral sides 
of the leg and the dorsnm of the foot and toes, ineliiding 
the medial side of the big toe 

indieations: Repair of laeerations on the anterior and lat- 
eral sides of the leg and the dorsiim of the foot and toes 
Procedure: The eommon peroneal nerve (L4 and L5 
and SI and S2) is the smaller of the terminal branehes of 
the seiatie nerve. It winds laterally aronnd the neek of the 
fibnla to pieree the peronens longns mnsele (see CD Fig. 
17-23). As the nerve lies on the lateral side of the neek of 


the fibnla, it is snbeiitaneons and ean easily be rolled 
against the bone. 

The eommon peroneal nerve ean be bloeked by first pal- 
pating the nerve below the head of the fibnla and infiltrating 
the tissiie aronnd the nerve with a loeal anesthetie soliition. 

SupErficial PErGGEal Ne™ BlGck 

Area of anesthesia: Skin on the lower anterior and lateral 
sides of the leg and the dorsiim of the foot and toes (ex- 
eept the eleft between the first and seeond toes, whieh is 
innervated by the deep peroneal nerve and the lateral 
side of the little toe, whieh is snpplied by the siiral nerve) 
indieations: Repair of laeerations in the area of its enta- 
neons distribntion 

Procedure: The siiperfieial peroneal nerve is a braneh of 
the eommon peroneal nerve. In the lower third of the leg 
it beeomes snperfieial and its terminal branehes pass to 
their distribntion on the dorsiim of the foot and toes (see 

CD Fig. 17-21). 

The siiperfieial peroneal nerve is easily bloeked in the 
lower part of the leg by infiltrating the anesthetie in the 
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CD Figure 17-23 A. The innportant anatomie relationships of the eommon peroneal 
nerve at the baek of the knee joint and the sural nerve behind the lateral malleolus of the 
fibula. B. The surface landmarks used for performing a eommon peroneal nerve bloek at 
the knee. C. The surface landmarks used for performing a sural nerve bloek at the ankle. 


subcutaneous tissne along a transverse line eonneeting the 
medial and lateral malleoli (see CD Fig. 17-21). 

Deep PEraneal Nerve Bloek 

Area of anesthesia: Skin in the eleft between the big and 
seeond toes 

Indieations: Repair of laeerations in the eleft between 
the big and seeond toes 

Proeednre: The deep peroneal nerve is a terminal 
braneh of the eommon peroneal nerve. It deseends in 
the anterior eompartment of the leg and at the ankle it 
passes onto the dorsnm of the foot. Here the nerve lies 


on the lateral side of the dorsalis pedis artery and is su- 
perfieially plaeed between the tendons of extensor digi- 
tornm longns and the extensor hallneis longns mnseles 

(see CD Fig. 17-21). 

First, the dorsalis pedis artery is palpated midway be- 
tween the medial and lateral malleoli. With the foot aetively 
dorsiflexed, the tendons of the extensor digitornm longns 
and extensor hallneis longns mnseles ean be seen. The 
nerve lies on the lateral side of the artery between these ten- 
dons (see CD Fig. 17-21). The needle is then inserted over 
the nerve, and the surrounding tissnes are infiltrated with 
anesthetie. 
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roE Nerve Blaeks 

Area of anesthesia. Skin of the toes. Eaeh toe is snpplied 
by four digital nerves at the 2 o'eloek, 5 o'eloek, 7 o'eloek, 
and 10 o'eloek positions. The plantar digital nerves are 
derived from the medial and lateral plantar nerves (CD 
Fig. 17-24); the dorsal digital nerves are from the snperfi- 


eial peroneal nerve (except the eleft between the big toe 
and seeond toe, which is snpplied by the deep peroneal 
nerve, and the lateral side of the little toe, which is snp- 
plied by the snral nerve). 

Indieations: Repair of laeerations of the toes, removal of 
foreign bodies, and removal of nails 
Proeednre: The nerves are easily bloeked with small vol- 
nmes of anesthetie solntion injeeted snbentaneonsly and 


saphenous 


medial malleolus 



medial 

malleolus 


A 


superficial 


sural nerve 


lateral 

malleolus 



e 



peroneal 

nerve 


superficial 

peroneal 


nerve 


sural 


nerve 



superficial 

peroneal 

nerve 


B 



medial ealeaneal 
braneh of tibial 
nerve 


lateral malleolus 




F 


E 


CD Figure 17-24 Toe nerve bloeks. A, B, C, and D. The sensory nerve supply to the foot 
and toes; the heavy lines indieate the boundaries betvveen the different areas of innerva- 
tion. The plantar digital nerves are derived from the medial and lateral plantar nerves; the 
dorsal digital nerves are from the superficial peroneal nerve (except the eleft betvveen the 
big and seeond toes, vvhieh are supplied by the deep peroneal nerve, and the lateral side 
of the little toe, vvhieh is supplied by the sural nerve). E and F. The sites at the base of 
eaeh toe (x) vvhere the anesthetie solution may be injeeted subcutaneously. 
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CD Figure 17-25 Pudendal nerve bloeks. 

A. Transvaginal nnethod. The needle is passed 
through the vaginal nnucous membrane tovvard 
the isehial spine. On passing through the 
sacrospinous ligament the anesthetie solution 
is infiltrated around the pudendal nerve. 

B. Perineal method. The isehial tuberosity is 
palpated subcutaneously through the buttock. 
The needle is inserted on the medial side of the is- 
ehial tuberosity to a depth of about 1 in. from the 
free surface of the tuberosity. The anesthetie is 
infiltrated around the pudendal nerve. 


circumferentially aronnd the base of eaeh toe (see CD 

Fig. 17-24). 

Pudendal Nerve Blaek 

Area of anesthesia: Skin of the perineiim; it does not, how- 
ever, abolish sensation from the anterior part of the per- 
inenm^ which is innervated by terminal branehes of the il- 
ioingninal nerve and genitofemoral nerve. Needless to say, 
it does not abolish pain from nterine eontraetions that as- 
eend to the spinal eord via the sympathetie afferent nerves. 
Indieations: Foreeps delivery and episiotomy repair 
Proeednres: These involve the following: 

■ Transvaginal method: The bony landmark nsed is the 
isehial spine (CD Fig. 17-25). The index finger is 


inserted throiigh the vagina to palpate the isehial spine. 
The needle of the syringe is then passed throngh the 
vaginal mneoiis membrane toward the isehial spine. On 
passing throiigh the saerospinoiis ligament there is a 
feeling of ''give.” The anesthetie solntion is then infil- 
trated into the tissiies aroimd the piidendal nerve (see 

CD Fig. 17-25). 

Perineal method: The bony landmark is the isehial 
tnberosity (see CD Fig. 17-25). The tnberosity is palpated 
siibeiitaneonsly throiigh the bnttoek, and the needle is 
introdiieed into the piidendal eanal along the medial 
side of the tnberosity. The eanal lies aboiit 1 in. (2.5 em) 
deep to the free snrfaee of the isehial tiiberosity. The lo- 
eal anesthetie is then infiltrated aronnd the pndendal 
nerve. 



Read the following ease histories/questions and give 
the best answer for eaeh. 

A 60-year-old woman fell down the stairs and was admitted 
to the emergeney department with severe right shonlder 
pain. On examination, the patient was sitting up with 
her right arm by her side and her right elbow joint 
snpported by her left hand. inspeetion of the right 
shoulder showed loss of the normal rounded curvature 
and evidenee of a slight swelhng below the right elaviele. 
Any attempt at aetive or passive movement of the shonlder 
joint was stopped by severe pain in the shonlder. A 


diagnosis of disloeation of the right shoulder joint 
was made. 

1. The following statements eoneerning this patient are 

eonsistent with the diagnosis exeept which? 

A. This patient had a snbeoraeoid disloeation of the 
right shonlder joint. 

B. The head of the hnmerns was disloeated down- 
ward throngh the weakest part of the eapsnle of the 
joint. 

e. The pnll of the peetoralis major and snbseapnlaris 
mnseles had displaeed the npper end of the hnmerns 
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D. The greater tuberosity of the humerus no longer 
displaeed the deltoid mnsele laterally, and the eurve 
of the shonlder was lost. 

E. The integrity of the axillary nerve shonld always be 
tested by tonehing the skin over the npper half of the 
deltoid mnsele. 

A yonng housewife was on a ladder eleaning a window in her 
home, when she lost her balanee and started to fall. To pro- 
teet herself, she held ont her right hand, whieh smashed 
throngh the glass. On admission to the hospital, she was 
bleeding profnsely from a snperfieial laeeration in front of her 
right wrist. She had sensory loss over the palmar aspeet of the 
medial one and a half fingers bnt normal sensation of the 
baek of these fingers over the middle and proximal phalanges. 
She had diffienlty in grasping a pieee of paper between her 
right index and middle fingers. All her long flexor tendons 
were intaet. 

2. The following statements eoneerning this patient are 

eorreet except which? 

A. The nlnar artery was ent in front of the flexor retinae- 
nlnm, and this aeeonnted for the profnse bleeding. 

B. The loss of skin sensation on the palmar aspeet of 
the medial one and a half fingers was eansed by the 
severanee of the median nerve as it erossed in front 
of the flexor retinaenlnm. 

e. The normal sensation on the baek of the medial one 
and a half fingers over the proximal phalanges was 
eansed by the faet that the posterior entaneons braneh 
of the nlnar nerve arises abont 2.5 in. (6.25 em) prox- 
imal to the flexor retinaenlnm and was spared. 

D. The inability to hold the pieee of paper was eansed 
by the paralysis of the seeond palmar interosseons 
mnsele, which is snpplied by the deep braneh of the 
nlnar nerve. 

E. There was no sensory loss on the palm of the hand 
beeanse the palmar entaneons braneh of the nlnar 
nerve was not ent. 

A 50-year-old woman eomplaining of severe ''pins and nee- 
dles” in her right hand and lateral fingers visited her physi- 
eian. She said that she had experienced diffienlty in bntton- 
ing up her elothes when dressing. On physieal examination 
the patient pointed to her thnmb and index, middle, and 
ring fingers as the areas where she felt diseomfort. No ob- 
jeetive impairment of sensation was fonnd in these areas. 
The mnseles of the thenar eminenee appeared to be fnne- 
tioning normally, althongh there was some loss of power 
eompared with the aetivity of the mnseles of the left thenar 
eminenee. 

3. The following statements eoneerning this patient are 

eorreet except which? 

A. Altered skin sensation was felt in the skin areas 
snpplied by the digital branehes of the median 


B. The mnseles of the thenar eminenee showed some 
evidenee of wasting as seen by flattening of the 
thenar eminenee. 

e. The mnseles of the thenar eminenee are snpplied by 
the reenrrent mnsenlar braneh of the median nerve. 

D. The median nerve enters the palm throngh the 
earpal tnnnel. 

E. The median nerve oeenpies a large spaee between 
the tendons behind the flexor retinaenlnm. 

E. This patient has earpal tnnnel syndrome. 

A 6-year-old boy, rnnning along a eonerete path with a 
glass jam jar in his hand, slipped and fell. The glass from 
the broken jar piereed the skin on the front of his left wrist. 
On examination a small wound was present on the front of 
the left wrist and the palmaris longns tendon had been sev- 
ered. The thnmb was laterally rotated and addneted, and 
the boy was nnable to oppose his thnmb to the other fin- 
gers. There was loss of skin sensation over the lateral half 
of the palm and the palmar aspeet of the lateral three and 
a half fingers. 

4. The following faets eoneerning this patient are eorreet 

except which? 

A. Sensory loss of the distal part of the dorsal snrfaees of 
the lateral three and a half fingers was experienced. 

B. The median nerve lies snperfieial to the palmaris 
longns proximal to the flexor retinaenlnm and was 
severed by the pieee of glass. 

e. The median nerve lies in the interval between the 
tendons of the flexor digitornm snperfieialis and the 
flexor earpi radialis mnseles jnst proximal to the 
wrist joint. 

D. Addnetion of the thnmb was prodneed by the eon- 
traetion of the addnetor pollieis mnsele, which is 
snpplied by the nlnar nerve. 

E. The palmar entaneons braneh of the median nerve 
had been severed. 

A 52-year-old woman was admitted to the hospital with a 
diagnosis of right-sided plenrisy with pnenmonia. It was 
deeided to remove a sample of plenral flnid from her 
plenral eavity. The resident inserted the needle elose to the 
lower border of the eighth rib in the anterior axillary line. 
The next morning he was snrprised to hear that the patient 
had eomplained of altered skin sensation extending from 
the point where the needle was inserted downward and for- 
ward to the midline of the abdominal wall above the um- 
biliens. 

5. The altered skin sensation in this patient after the nee- 

dle thoraeostomy eonld be explained by which? 

A. The needle was inserted too low down in the inter- 
eostal spaee. 

B. The needle was inserted too elose to the lower bor- 
der of the eighth rib and damaged the eighth inter- 
eostal nerve. 


nerve. 
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C. The needle had impaled the eighth rib. 

D. The needle had penetrated too deeply and piereed 
the Inng. 

E. There is a peritoneal abseess beneath the diaphragm 
on the left side. 

A 43-year-old man was involved in a violent quarrel with his 
wife over another woman. In a fit of rage, the wife pieked up 
a earving knife and Innged forward at her hnsband, striking 
his anterior neek over the left elaviele. The hnsband eol- 
lapsed on the kitehen floor, bleeding profnsely from the 
wound. The distranght wife ealled an ambnlanee. 

6. On examination in the emergeney department of the 
hospital, the following eonditions were fonnd except 
whieh? 

A. A wound was seen abont 1 in. (2.5 em) wide over the 
left elaviele. 

B. Ansenltation revealed diminished breath sonnds 
over the left hemithorax. 

C. The traehea was defleeted to the left. 

D. The left npper limb was lying stationary on the table, 
and aetive movement of the small mnseles of the left 
hand was absent. 

E. The patient was insensitive to pin priek along the lat- 
eral side of the left arm, forearm, and hand. 

A 72-year-old man eomplaining of bnrning pain on the 
right side of his ehest was seen by his physieian. On exam- 
ination the patient indieated that the pain passed forward 
over the right sixth intereostal spaee from the posterior ax- 
illary line forward as far as the midline over the sternnm. 
The physieian noted that there were several watery blebs 
on the skin in the painfnl area. 

7. The following statements are eorreet except whieh? 

A. This patient has herpes zoster. 

B. A virns deseends along the entaneons nerves, eans- 
ing dermatomal pain and the ernption of vesieles. 

C. The sixth right intereostal nerve was involved. 

D. The eondition was eonfined to the anterior enta- 
neons braneh of the sixth intereostal nerve. 

An obese 40-year-old woman was seen in the emergeney de- 
partment eomplaining of a severe pain over the right shonl- 
der and in her right side and baek below the shonlder blade. 
She said that she had experieneed the pain on several oeea- 
sions before and that when she ate fatty foods it seemed to 
make the pain worse. Ultrasound demonstrated the pres- 
enee of gallstones. Her eondition was diagnosed as 
eholelithiasis, and the pain was attribnted to gallstone eolie. 

8. The symptoms and signs displayed by this patient ean 
be explained by the following statement except whieh? 

A. The fnndns of the gallbladder lies against the ante- 

rior abdominal wall next to the tip of the right ninth 
eostal eartilage. 


B. The parietal peritonenm in this area is innervated by 
the tenth and eleventh intereostal nerves, whieh 
give rise to referred pain in the tenth and eleventh 
dermatomes on the side and baek. 

C. The parietal peritonenm on the eentral part of the 
nndersnrfaee of the diaphragm is snpplied by the 
phrenie nerve. 

D. The spinal segmental nerves within the phrenie 
nerve are C3, C4, and C5. 

E. The pain was referred to the shonlder along the 
snpraelavienlar nerves (C3 and C4). 

An 8-year-old boy was admitted to the hospital with a tem- 
peratnre of 101 °E, a fnrred tongne, and pain in the right 
lower quadrant. On examination, the skin on the right lower 
quadrant was tender to the toneh, and the abdominal mns- 
eles were eontraeted and rigid. A diagnosis of aente appen- 
dieitis was made. 

9. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. An aentely inflamed appendix prodnees an inflam- 
mation of the peritoneal eoat eovering it. 

B. Shonld the inflammatory proeess spread, for exam- 
ple, if the appendix shonld rnptnre, the parietal peri- 
tonenm would beeome involved. 

C. The parietal peritonenm, the abdominal mnseles, 
and the overlying skin are snpplied by the same seg- 
mental spinal nerves. 

D. The segmental nerves snpplying the right lower 
quadrant of the abdominal wall are T7, T8, and T9. 

E. The pain in the right lower quadrant and the regional 
eontraetion of the abdominal mnseles are attempts by 
the body to keep the inflamed appendix immobile so 
that the inflammatory proeess remains loealized. 

A 45-year-old woman was shopping in a hquor store when 
an armed robbery took plaee. A shoot-ont oeenrred and a 
bnllet rieoeheted off the wall and entered her left side. Eor- 
tnnately, the bnllet did not enter the peritoneal eavity. One 
year later, in addition to diminished skin sensation over the 
left Inmbar region and nmbiliens, she notieed a bnlging for- 
ward of the left side of her anterior abdominal wall. 

10. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. The bnllet ent the ninth and tenth intereostal nerves 
jnst below the eostal margin on the left side. 

B. The diminished skin sensation was eansed by the 
loss of the sensory nerve snpply to the ninth and 
tenth thoraeie dermatomes. 

C. Portions of the obhque, transversns, and reetns ab- 
dominis mnseles on the left side were paralyzed. 

D. Atrophy of the pyramidalis mnsele resnlted in loss of 
snpport to the abdominal viseera, whieh then sagged 
forward. 



After a major abdominal operation, a patient was given a 
eonrse of antibioties by intramnsenlar injeetion. The nnrse 
was instrneted to give the injeetions into the right bnttoek. 
Later, when the patient left the hospital, he developed sev- 
eral symptoms and signs that snggested that the injeetions 
into the glntens maximus mnsele had been given over the 
eonrse of the seiatie nerve and had eansed a lesion of the 
eommon peroneal nerve. 

11. The symptoms and signs displayed by this patient 

inelnded the following except whieh? 

A. He experieneed nnmbness and tingling sensations 
down the anterior and lateral sides of the right leg 
and the dorsnm of the foot. 

B. His right foot tended to eateh on steps and on the 
edges of the earpet. 

C. On testing, he had impaired skin sensation on the 
lateral side of the right thigh. 

D. The patient tended to hold the foot plantar flexed 
and slightly inverted. 

E. Dorsiflexion of the right ankle joint was weaker than 
the same movement of the left ankle. 

F. The everter mnseles of the right midtarsal joints 
were weaker than those of the opposite side. 

A 17-year-old girl was dealing drngs on a street eorner 
when she beeame involved in a fight. Dnring the brawl she 
reeeived a deep knife wound to the front of her right thigh. 
After a thorongh examination in the emergeney depart- 
ment of the loeal hospital, it was determined that the knife 
point had severed the trnnk of the right femoral nerve jnst 
below the ingninal ligament. 

12. This patient had the following signs and symptoms 

except whieh? 

A. The right quadrieeps femoris mnsele failed to eon- 
traet when the patient was asked to extend her right 
knee joint. 
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B. Skin sensation was lost over the anterior and medial 
sides of the thigh. 

e. Skin sensation was lost along the medial border of 
the big toe. 

D. Skin sensation was lost on the lower part of the leg 
and the medial border of the foot as far as the ball of 
the big toe. 

E. Weak extension of the knee was possible when walk- 
ing beeanse of the nse of the addnetor mnseles. 

13. A patient was seen in the emergeney department with a 
laeeration of the skin over the middle phalanx of the left 
index finger. What is the sensory nerve snpply of that 
finger? Where is it possible to perform a nerve bloek so 
that the wound eonld be sntnred? 

14. A 37-year-old woman was involved in an antomobile ae- 
eident and snstained a fraetnre of her sixth right rib. It 
was deeided to relieve her aente pain eansed by the bro- 
ken rib by performing an intereostal nerve bloek. 
Whieh intereostal nerve innervates the sixth rib? What 
is the eonrse taken by an intereostal nerve in an inter- 
eostal spaee? From what part of a spinal nerve is an in- 
tereostal nerve formed? Name the order of strnetnres 
forming the nenrovasenlar bnndle in an intereostal 
spaee from above downward. 

15. A 17-year-old boy reeeived a knife wound on the lateral 
side of his right thigh. What is the sensory nerve snpply 
to this region of the thigh? Whieh important snrfaee 
landmarks would yon nse when bloeking the nerves? 

16. What is the sensory nerve snpply to the skin on the dor- 
snm of the foot? Where would yon bloek these nerves? 




1. E is the eorreet answer. The integrity of the axillary nerve 
is tested by tonehing the skin over the lower half of the 
deltoid mnsele. The skin of the enrve of the shonlder, in- 
elnding the skin eovering the npper half of the deltoid 
mnsele, is snpplied by the snpraelavienlar nerves. 

2. B is the eorreet answer. The loss of skin sensation of the 
palmar aspeet of the medial one and a half fingers was 
eansed by the severanee of the nlnar nerve as it erossed 


in front of the flexor retinaenlnm with the nlnar artery^ 
whieh was also ent (see text Fig. 17-14). 

3. E is the eorreet answer. The median nerve oeenpies a 
small restrieted spaee in the earpal tnnnel (see text Fig. 

17-14). 

4. B is the eorreet answer. The median nerve lies deep to 
the palmaris longns tendon proximal to the flexor reti- 
naenlnm (see text Fig. 17-12). 
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5. B is the eorreet answer. The needle was inserted too 
elose to the lower border of the eighth rib and damaged 
the eighth intereostal nerve (see CD Fig. 17-18). 

6. E is the eorreet answer. The lower trnnk of the braehial 
plexus was ent by the knife. This would explain the loss 
of movement of the small mnseles of the left hand. It 
would also explain the loss of skin sensation that oe- 
enrred in the C8 and T1 dermatomes on the medial not 
on the lateral side of the left forearm and hand. The knife 
had also piereed the left dome of the eervieal plenra, 
eansing a left pneumothorax with left-sided diminished 
breath sonnds and a defleetion of the traehea to the left. 

7. D is the eorreet answer. The skin over the sixth inter- 
eostal spaee is innervated by the lateral entaneons 
braneh as well as the anterior entaneons braneh of the 
sixth intereostal nerve. 

8. B is the eorreet answer. The parietal peritonenm in the 
region of the fnndns of the gallbladder is innervated by 
the eighth and ninth intereostal nerves^ whieh give rise 
to referred pain in the eighth and ninth thoraeie der- 
matomes on the side and baek. 

9. D is the eorreet answer. The segmental nerves snpply- 
ing the right lower quaclrant of the abdominal wall are 

T11, T12, and L1 (see CD Fig. 17-1). 

10. D is the eorreet answer. The pyramidalis mnsele (if pre- 
sent) is innervated by the twelfth thoraeie nerve. 

11. e is the eorreet answer. The skin on the lateral side of 
the thigh is innervated by the lateral entaneons nerve of 
the thigh (L2 and L3), a braneh of the Inmbar plexus 

(see CD Fig. 17-1). 

12. e is the eorreet answer. The skin eovering the medial 
border of the big toe is innervated by the snperfieial per- 
oneal nerve (see CD Fig. 17-1). 

13. The index finger reeeives the following sensory inner- 
vation: anterior aspeeh two digital branehes of the me- 
dian nerve; posterior aspeet, two digital branehes of the 


snperfieial radial nerve. The nerves are easily bloeked 
by injeeting small volnmes of anesthetie solntion 
aronnd the base of the finger (see CD Fig. 17-17). 

14. The periostenm of the sixth rib is innervated by the 
sixth intereostal nerve. (It is eoneeivable that in the 
individnal who has a eollateral braneh of the fifth inter- 
eostal nerve, the periostenm of the sixth is also inner- 
vated by this nerve.) Intereostal nerves are formed from 
the anterior rami of T1 throngh Tll spinal nerves. An 
intereostal nerve passes forward aronnd the ehest wall 
firsh between the posterior intereostal membrane and 
the parietal plenra, then between the internal inter- 
eostal mnsele and the innermost intereostal mnsele 
(part of the transversns thoraeis). The nerve lies in the 
snbeostal groove of the rib of its own nnmber. The in- 
tereostal vein, the intereostal artery, and the intereostal 
nerve lie within the snbeostal groove in that order from 
above downward. 

15. The sensory innervation of the skin on the lateral snr- 
faee of the thigh is the lateral entaneons nerve of the 
thigh, a braneh of the Inmbar plexus (L2 and L3). The 
nerve may be bloeked by inserting an anesthetie needle 
jnst inferior to the ingninal ligament abont 0.5 in. (1.3 
em) medial to the anterior snperior iliae spine. 

16. The sensory nerve snpply to the skin on the dorsnm of 
the foot is from the snperfieial peroneal nerve. The eleft 
between the first and seeond toes is from the deep per- 
oneal nerve. 

The snperfieial peroneal nerve ean be bloeked by infil- 
trating the anesthetie in the snbentaneons tissne along 
a transverse line eonneeting the medial and lateral 
malleoli (see CD Fig. 17-21). The deep peroneal nerve 
is bloeked by first palpating the dorsalis pedis artery as it 
lies between the tendons of the extensor hallneis longns 
and the extensor digitornm longns. The nerve lies on 
the lateral side of the artery between these tendons. The 
needle is then inserted over the nerve, and the snr- 
ronnding tissne is infiltrated with anesthetie. 
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THE EYE 


Eyelids 

eiìnieal Examination of the Eyelids 

Retraetion of the eyelids: Both the upper and lower lids 
ean be retraeted by applying the thnmbs to the patienf s 
forehead and the eheek jnst above and below the orbital 
margins. The lids are then gently retraeted away from 
the eyeball, and the lower lid may be easily everted (CD 

Fig. 18-1). 

Eversion of the npper lid: Eversion of the npper lid is 
more diffienlt than that of the lower lid beeanse of its size 



and mnseiilar attaehments. It is performed for pnrposes 
of inspeetion of the eye and removing a siiperfieial eon- 
jnnetival foreign body. With the patient looking down- 
ward, the iipper lid is grasped by the eentral eyelashes 
and piilled downward while a eotton-tipped applieator is 
applied eentrally to the skin on the npper snrfaee of the 
iipper lid. With the siiperior tarsal plate serving to stiffen 
the npper lid, the npper lid is gently flipped upward over 
the applieator tip so that the eonjnnetival snrfaee is fnlly 

exposed (see CD Fig. 18-1). 

Hordeolum (Stye) 

An external hordeolum is an acute infeetion of a lash folliele 
or a sebaeeons gland (of Zeis) or a eiliary sweat gland 
(of Moll); all drain externally to the skin surface of the lid. 
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CD Fìgure 18-1 A. eomplete eversion of the up- 
per eyelid of the right eye made possible by stiff- 
ness of the superior tarsal plate; the lovver eyelid is 
pulled dovvnvvard. Note the orifiees of the tarsal 
glands and the puncta laerimalia. B. Posterior view 
of the eyelids with the upper and lower lids nearly 
elosed. Note the tarsal glands with their short ducts 
and orifiees. In this diagram the conjunctiva has 
been removed from the baek of the eyelids to re- 
veal the tarsal glands in situ. 


An internal hordeolnm is an aente infeetion of a tarsal gland 
(of Meibom). The tarsal glands drain onto the eonjnnetival 
snrfaee of the lid. 

ehalazion 

This is a loealized, painless swelling of the lid resnlting from 
ehronie inflammation of a tarsal gland. Sinee the gland lies 
on the eonjnnetival snrfaee of the tarsal plate, the swelling 
shonld be ineised throngh the eonjnnetival snrfaee of the lid. 

Edema of the Eyelids 

The looseness of the snbentaneons tissne of the eyelids ex- 
plains why edema flnid seeondary to renal failnre or inseet 
bites ean rapidly aeenmnlate, eansing extensive swelhng of 
the lids. 

Sobtarsal Sulcus and Foreign Bodies 

Foreign bodies in the eonjnnetival sae prodnee severe pain 
and reflex tearing. The snperior and inferior forniees ean be 
examined for the foreign bodies by everting the eyelids as 


deseribed previonsly. Small partieles often migrate and be- 
eome lodged in the snbtarsal snlens (see text Fig. 18-1). 
Gorneal abrasions may oeenr as the resnlt of the foreign 
body being earried aeross the eornea with the movement of 
the eyelids. 

Ptosis (Drooping of the Llpper Lid) 

In HorneFs syndrome, ptosis is eansed by loss of sympathetie 
innervation of the smooth mnsele eomponent of the levator 
palpebrae snperioris mnsele. In third eranial nerve dysfnne- 
tion, ptosis is dne to paralysis of the striated mnsele of the 
levator palpebrae snperioris. 

Laerimal Apparatus 

Inflammation of the Laerimal Sae 

This presents as a tender swelhng above the npper margin of 
the medial palpebral ligament. Gentle pressnre on the sae 
may resnlt in a yellowish diseharge emerging from the 
pnneta laerimalia. 
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Probing the Nasolaerimal Duct 

Gongenital or acquired bloekage of the dnet may oeenr. 
To relieve the bloekage, a probe is passed downward starting 
at the pnnetnm laerimalia of the npper eyelid. The probe is 
first direeted vertieally upward and then medially into the 
laerimal sae. It is then tnrned downward at right angles in the 
nasolaerimal dnet to reaeh the inferior meatns in the nose. 
The end of the probe shonld then be visible within the nose. 
Remember that the nasolaerimal dnet inelines downward, 
backward, and laterally as it deseends to the nose. 

Eye Trauma 

Althongh the eyeball is well proteeted by the snrronnding 
bony orbih it is proteeted anteriorly only from large objeets, 
sneh as tennis balls, which tend to strike the orbital margin 
bnt not the globe. The bony orbit provides no proteetion 
from small objeets, sneh as golf balls, which ean eanse se- 
vere damage to the eye. Garefnl examination of the eyeball 
relative to the orbital margins shows that it is least proteeted 
from the lateral side. 


oblique and the origin of the inferior oblique mnseles lie me- 
dial and anterior to their insertions. The ophthalmologist tests 
the aetion of these mnseles by asking the patient first to look 
medially, thns plaeing these mnseles in the optimnm position 
to lower the eornea (snperior oblique) or to raise it (inferior 
oblique). In other words, when yon ask a patient to look me- 
dially and downward at the tip of his nose, yon are testing the 
snperior oblique at its best position. Gonversely, by asking the 
patient to look medially and upward, yon are testing the infe- 
rior oblique at its best position. 

Beeanse the lateral and medial reeti are nentrally plaeed 
relative to the axes of the eyeball, asking the patient to tnrn his 
or her eornea direetly laterally tests the lateral reetns, and 
tnrning the eornea direetly medially tests the medial reetns. 

The eardinal positions of the eye and the aetions of the 
reeti and oblique mnseles are shown in CD Fig. 18-2. 

Lesions of the Cranìal Nerves that 
Gontrol the Eye Movements 

Lesions of the oenlomotor, troehlear, and abdneent nerves 
are deseribed on CD page 227. 


BlDwout Fractures di the Maiilla 

Blowout fraetnres of the orbital floor involving the maxillary 
sinns eommonly oeenr as a resnlt of blnnt foree to the faee. 
If the foree is applied to the eye, the orbital fat explodes 
inferiorly into the maxillary sinns^ fraetnring the orbital 
floor. Not only ean blowout fraetnres eanse displaeement of 
the eyeball, with resnlting symptoms of donble vision 
(diplopia), bnt also the fraetnre ean injnre the infraorbital 
nerve, prodneing loss of sensation of the skin of the eheek 
and the gnm on that side. Entrapment of the inferior reetns 
mnsele in the fraetnre may limit upward gaze. 

MDvements of the Eye 

eiinieal Testing for the Aetions of the 
Superior and Inferior Reeti and the 
Superior and Inferior Oblique Muscles 

Sinee the aetions of the snperior and inferior reeti and the 
snperior and inferior oblique mnseles are eomplieated 
when a patient is asked to look vertieally upward or vertieally 
downward, the examiner tests the eye movements in which 
the single aetion of eaeh mnsele predominates. 

The origins of the snperior and inferior reeti are sitn- 
ated abont 23° medial to their insertion and, therefore, 
when the patient is asked to tnrn the eornea laterally, these 
mnsele are plaeed in the optimnm position to raise the 
eornea (snperior reetns) or lower it (inferior reetns). To test 
the snperior reetns, have the patient look up and laterally; to 
test the inferior reetns, have the patient look down and ont. 

Using the same rationale, the examiner tests the snperior 
and the inferior oblique mnseles. The pnlley of the snperior 


Strabìsmus 


Many eases of strabismns are nonparalytie and are eansed by 
an imbalanee in the aetion of opposing mnseles. This type 
of strabismns is known as eoneomitant strabismns and is 
eommon in infaney. 



Selera 


The Lamina Gribrosa, the Gerebrospinal 
Fluid, and the Aqueous Humor Pressure 

The lamina eribrosa is the area of the selera that is piereed by 
the nerve fibers of the optie nerve. It is a relatively weak area 
and ean be made to bnlge into the eyeball by a rise of eere- 
brospinal flnid pressnre in the tnbnlar extension of the snb- 
araehnoid spaee, which snrronnds the optie nerve. 

If the intraoenlar pressnre rises, dne to bloekage in the 
drainage of aqueous hnmor, as in glaneoma, the lamina 
eribrosa will bnlge outward, prodneing a enpped dise, as 
seen throngh the ophthalmoseope. 

eornea 


Aging Ghanges in the Cornea 

With advaneing years, the eornea beeomes less translneent, 
and dnst-like opaeities may oeenr in the deeper parts of the 
snbstantia propria. Arcus senilis appears as white ares near 
the edge of the eornea and is eansed by an extracellular 
infiltration of lipid; it is present in almost every person over 
60 years old. 
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CD Fìgure 18-2 The eardinal positions of the right and left eyes and the aetions of the 
reeti and oblique nnuscles pr/r?c/pa//y responsible for the nnovennents of the eyes. A. Right 
eye, superior rectus nnuscle; left eye, inferior oblique nnuscle. B. Both eyes, superior reeti 
and inferior oblique nnuscles. C. Right eye, inferior oblique nnuscle; left eye, superior ree- 
tus nnuscle. D. Right eye, lateral rectus nnuscle; left eye, nnedial rectus nnuscle. E. Primary 
position, with the eyes fixed on a distant fixation point. F. Right eye, medial rectus muscle; 
left eye, lateral rectus muscle. G. Right eye, inferior rectus muscle; left eye, superior 
oblique muscle. H. Both eyes, inferior reeti and superior oblique muscles. I. Right eye, su- 
perior oblique muscle; left eye, inferior rectus muscle. 


Astigmatism 

Often the eornea is not the seetion of a perfeet sphere so that 
the refraetive power is not the same in all direetions, a 
eondition known as astigmatism. 

Trauma and the Gornea 

Beeanse a portion of the eornea is exposed between the 
eyelids, injnries from foreign bodies or abrasions are very 
eommon. Damage to the eorneal epithelinm eanses eonsid- 
erable pain, reflex tearing, and vasodilatation of the eonjnne- 
tival eapillaries. Later, edema of the lids will be apparent. 


Fortnnately, the stratified squamous epithelinm eovering the 
anterior snrfaee of the eornea is eapable of rapid regeneration 
after an abrasion. 

Foreign bodies driven with great foree may penetrate 
the eornea and enter the anterior ehamber or even the 
deepest parts of the eyeball. 

eorneal Llleers 

Gorneal nleers are eansed by a baeterial invasion of the 
eornea with the formation of a stromal abseess. The ability of 
the eornea to resist baeterial invasion depends on the eleans- 
ing aetion of the tears and their normal eirenlation and the 
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integrity of the eorneal epithelinm. A breakdown of this 
meehanism ean oeenr as the resnlt of mild tranma, sneh as 
that whieh oeenrs when soft eorneal lenses are worn for an ex- 
eessive period of time, or in the presenee of ehronie disease. 

Pupil 

Flashlight Exannination of the Pupil 

Normally, the pnpils shonld be of equal or nearly equal 
diameter (within 1 to 2 mm in diameter is normal). They 
shonld be ronnd and reaet to light and aeeommodation. 

Pupillary Reflexes 

The pnpillary reflexes—that is, the reaetion of the pnpils to 
light and aeeommodation —depend on the integrity of ner- 
vons pathways. In the direet light reflex, the normal pnpil 
reflexly eontraets when a light is shone into the patienfs eye. 
The nervons impnlses pass from the retina along the optie 
nerve to the optie ehiasma and then along the optie traet. 
Before reaehing the lateral genienlate body, the fibers eon- 
eerned with this reflex leave the traet and pass to the oenlo- 
motor nnelei on both sides via the preteetal nnelei. From 
the parasympathetie part of the nnelens, efferent fibers leave 
the midbrain in the oenlomotor nerve and reaeh the eiliary 
ganglion via the nerve to the inferior obhque. Postgan- 
glionie fibers pass to the eonstrietor pnpillae mnseles via the 
short eiliary nerves. 

The eonsensnal light reflex is tested by shining the 
light in one eye and noting the eontraetion of the pnpil in 
the opposite eye. This reflex is possible beeanse the afferent 
pathway jnst deseribed travels to the parasympathetie nnelei 
of both oenlomotor nerves. 

The aeeommodation reflex is the eontraetion of the 
pnpil that oeenrs when a person snddenly foenses on a near 
objeet after having foensed on a distant objeet. The nervons 
impnlses pass from the retina via the optie nerve, the optie 
ehiasma, the optie traet, the lateral genienlate body, the 
optie radiation, and the eerebral eortex of the oeeipital lobe 
of the brain. The visnal eortex is eonneeted to the eye field 
of the frontal eortex. From here, efferent pathways pass to 
the parasympathetie nnelens of the oenlomotor nerve. 
From there^ the efferent impnlses reaeh the eonstrietor 
pnpillae via the oenlomotor nerve, the eiliary ganglion, and 
the short eiliary nerves. 

Retina 

Detaehment of the Retina 

The nenral retina is firmly attaehed to the nnderlying 
pigment epithelinm at the optie dise and the ora serrata. 

Pathologie separation of the two layers of the retina may 
follow tranma to the eyeball or degeneration of the nenral 
retina. Vitreons traetion of the retina, or the presenee of a 


hole or tear, allows aeenmnlation of flnid between the 
pigment epithelinm and the nenral retina, eansing the 
layers to separate or beeome detaehed. 

eentral Retinal Artery Occlusion 

At the point where the eentral artery pierees the lamina 
eribrosa (CD Fig. 18-3), it is snbjeet to atheroselerosis and 
ean nndergo eomplete or partial oeelnsion. Disease ehanges 
in the arteriolar wall ean be seen with the ophthalmoseope 
where the arteries eross the veins as a nieking or narrowing 
of the venons blood eolnmn. 

In eomplete eentral artery oeelnsion there is a sndden 
onset of nnilateral blindness. In braneh arteriole oeelnsion 
there is a partial loss of sight eorresponding to the seetor 
snpplied by the arteriole. Total arterial oeelnsion lasting 
longer than l^ honrs ean prodnee irreversible retinal 
degeneration. 

Papilledema, the Central Vein, and 
inereased Gerebrospinal Fluid Pressure 

Sinee the optie nerve is snrronnded by the dnra and araeh- 
noid sheaths, an inerease in the intraeranial pressnre is 
transmitted throngh the eerebrospinal flnid along the exten- 
sion of the snbaraehnoid spaee to the lamina eribrosa of the 
eyeball. Beeanse the eentral artery and vein of the retina 
eross the snbaraehnoid spaee to enter or leave the optie 
nerve, they will be snbjeet to a rise in eerebrospinal flnid 
pressnre. The thiek-walled artery is nnaffeeted, bnt the thin- 
walled vein may be eompressed, eansing eongestion of the 
retinal veins and edema of the retina; bnlging of the dise 
may also oeenr. 

Lens 

Gataraet 

In this eondition the lens beeomes opaque. Metabolie prod- 
nets aeenmnlate within the lens fibers. Senile eataraet is the 
most eommon form; its eanse is unknown. 

ExaminatÌDn nf the Eye as Eeen 
with the Direet Dphthalmnsenpe 

Red reflex: On looking throngh the ophthalmoseope, 
holding it abont 1 ft away from the patient, the examiner 
notes thatthe fnndns appears red (see CD Fig. 18-3). The 
fnndns shows red beeanse the light is being refleeted 
baek from the blood in the ehoroidal blood vessels, with 
the intervening retina being transparent. An absent red 
reflex means that either there is an opaeity in the refrae- 
tive media or the retina is not against the ehoroid. The 
possible opaeities inelnde a eataraet, a vitreons hemor- 
rhage, and a detaehed retina. 
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CD Fìgure 18-3 The left ocular fundus as seen with an ophthalnnoseope. 


Fundus examination: Without pupillary dilatation, only 
about 15% of the fundus ean be seen. With full pnpillary 
dilatation, about 50% of the fnndns ean be viewed, bnt 
the area between the equator of the eyeball and the ora 
serrata eannot be seen. 

Optie dise: This strnetnre is eirenlar or oval with a vertieal 
orientation (see CD Fig. 18-3). It is pink, with the tempo- 
ral side slightly lighter than the nasal side. The dise mea- 
sures about 1.5 mm in diameter and ean be nsed as a unit 
of measnrement. The eenter of the dise has a pale, almost 
white, depression ealled the physiologie eup. The edge of 
the dise is usually flat and sharply defined. In some indi- 
viduals in whom the retina does not quite reaeh the mar- 
gin of the dise, an are of ehoroid pigment may be visible. 

The bright red eentral artery of the retina beeomes 
visible on the dise surface emerging from the optie cup, 
where it divides into its superior and inferior branehes. 
The arteries do not normally pnlsate. The darker red 
main tribntaries of the eentral vein of the retina pass into 
the cup and unite in the enp or deeper out of site within 
the optie nerve. 

In glaucoma, the inerease in intraoenlar pressure 
leads to atrophy of the optie nerve and defeets in the vi- 
sual field. Sinee the lamina eribrosa of the selera at the 


optie dise is a weak area, a rise in intraocular pressure ean 
cause it to bnlge outward, producing a cupped dise that 
ean be seen with the ophthalmoseope. 

Retinal arteries and veins: The arteries are bright red; 
the veins are darker red (see CD Fig. 18-3). The arteries 
are smaller than the veins (abont a 3:4 ratio). The arter- 
ies have thieker walls, which refleet the light as a shiny 
eentral reflex stripe. The walls of the arteries and the 
veins are transparent, so that the examiner observes a 
moving eolnmn of blood. The arteries usually eross the 
veins on their snperfieial or vitreal surface, and normally 
the arteries do not eompress or niek the veins at the site 
of erossing. The branehing of the vessels is variable. 
Maenla: The maenla area lies about two dise diameters 
on the lateral side of the optie dise (see CD Fig. 18-3). 
It is darker than the surrounding retina. The superior 
and inferior temporal blood vessels areh above and below 
the maenlar area, and no blood vessels are visible in 
the eenter of the maenla. The eenter of the maenla 
shows a small, dark red area ealled the fovea eentralis. 
A small white-yellow light reflex ean be deteeted at 
the eenter of the fovea, eansed by the refleetion of 
the ophthalmoseope light from the eoneavity of the 
fovea. 
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CD Fìgure 18-4 A. Different parts of the auricle of the external ear. The arrovv indieates 
the dìreetion that the auricle should be pulled to straighten the external auditory nneatus 
before insertion of the otoseope in the adult. B. External and nniddle portions of the right 
ear vievved from in front. C. The right tympanie membrane as seen through the otoseope. 
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of the pharynx. Aente infeetion of the middle ear (otitis 
media) prodnees bnlging and redness of the tympanie 
membrane. 

Complications of Otitis Media 


Tympanie Membrane Examination 

Otoseopie examination of the tympanie membrane is faeili- 
tated by first straightening the external anditory meatns by 
gently pnlling the anriele upward and baekward in the adnlt 
(CD Fig. 18-4), and straight baekward or baekward and 
downward in the infant. Normally, the tympanie membrane 
is pearly gray and eoneave. Remember that in the adnlt the 
external meatns is abont 1 in. (2.5 em) long and is narrow- 
est abont 0.2 in. (5 mm) from the tympanie membrane. 

Middle Ear 


infeetions and Otitis Media 

Pathogenie organisms ean gain entranee to the middle ear 
by aseending throngh the anditory tnbe from the nasal part 


Inadequate treatment of otitis media ean resnlt in the spread 
of the infeetion into the mastoid antrnm and the mastoid air 
eells (aente mastoiditis). Aente mastoiditis may be followed 
by the fnrther spread of the organisms beyond the eonfines 
of the middle ear. The meninges and the temporal lobe of 
the brain lie snperiorly. A spread of the infeetion in this 
direetion eonld prodnee a meningitis and a eerebral abseess 
in the temporal lobe. Beyond the medial wall of the middle 
ear lie the faeial nerve and the internal ear. A spread of 
the infeetion in this direetion ean eanse a faeial nerve palsy 
and labyrinthitis with vertigo. The posterior wall of the 
mastoid antrnm is related to the sigmoid venons sinns. If 
the infeetion spreads in this direetion, a thrombosis in 
the sigmoid sinns may well take plaee. These varions 
eomplieations emphasize the importanee of knowing the 
anatomy of this region. 



Read the following ease histories/questions and give 
the best answer for eaeh. 

A 49-year-old woman was fonnd on ophthalmoseopie exam- 
ination to have edema of both optie dises (bilateral pa- 
pilledema) and eongestion of both retinal veins. The eanse 
of the eondition was fonnd to be a rapidly expanding in- 
traeranial tnmor. 

1. The following statements eoneerning this patient are 

eorreet except whieh? 

A. An intraeranial tnmor eanses a rise in eerebrospinal 
flnid pressnre. 

B. The optie nerves are snrronnded by sheaths derived 
from the pia mater, araehnoid mater, and dnra mater. 

e. The intraeranial snbaraehnoid spaee extends for- 
ward aronnd the optie nerve for abont half its length. 

D. The thin walls of the retinal vein will be eompressed 
as the vein erosses the extension of the snbaraehnoid 
spaee aronnd the optie nerve. 

E. Beeanse both snbaraehnoid extensions are eontinn- 
ons with the intraeranial snbaraehnoid spaee, both 
eyes will exhibit papilledema and eongestion of the 
retinal veins. 


A 33-year-old woman was riding her bieyele when she 
swerved to avoid a pothole and lost her balanee. She then 
erashed and hit her head hard on the sidewalk. When she 
regained eonseionsness in the hospital, it was immediately 
noted that she had medial strabismns (squint) of her left 
eye. 

2. Whieh eye mnsele was paralyzed in this injnry? 

A. The medial reetns mnsele 

B. The inferior reetns mnsele 
e. The snperior reetns mnsele 

D. The lateral reetns mnsele 

E. The snperior obhques mnsele 

3. An 18-year-old stndent went to the elinie eomplaining 
of an aente tender area on the middle of his right npper 
eyelid. Examination revealed a loealized red, indnrated 
area on the eyelid margin. Glose inspeetion showed a 
yellowish spot in the eenter of the swelhng. Gentle 
eversion of the lid showed no evidenee of swelhng on its 
posterior snrfaee. What is the diagnosis? Whieh 
anatomie strueture(s) is (are) involved in the inflamma- 
tory proeess? On whieh part of the eyelid does the 
abseess tend to point? 
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4. A 13-year-old sehoolboy was hit in the left eye by another 
boy dnring reeess. Dnring the next honr, both the eyelids 
of the vietim swelled up nntil he eonld barely see. Ex- 
amination in the emergeney department revealed a 
blnish-red diseoloration of both eyelids of his left eye with 
narrowing of the palpebral fissnre. The diseoloration ex- 
tended to the forehead and the left eheek. Garefnl sepa- 
ration of the eyelids showed a loealized hemorrhage of 
the inferolateral part of the bnlbar eonjnnetiva (part of 
the eonjnnetiva adherent to the selera of the eyeball). 
When the eonjnnetiva was gently moved with the tip of 
the examiner s little finger^ the hemorrhage moved also. 

When the patient was asked to look medially, 
the physieian eonld elearly see the posterior limit of 
the eonjnnetival hemorrhage. Does this patient have a 
simple 'Tlaek eye/' or is this a fraetnre of the anterior 
eranial fossa of the sknll? What role does the orbital 
septnm play in enabling one to distingnish between 
these lesions? Is the appearanee of the eonjnnetival 
hemorrhage important in making the diagnosis? 

5. A 6-month-old girl was seen in the emergeney depart- 
ment beeanse her mother had notieed a yellow, stieky 
diseharge from the baby's left eye. On questioning, the 
mother said that she had first notieed the eondition that 
morning when her danghter woke up. She also said that 
she had notieed that her danghter's left eye watered 
exeessively when she eried ever sinee birth. The physi- 
eian eonfirmed the epiphora of the left eye and noted 
the emergenee of yellow pns into the laens laerimalis 
from the pnneta when gentle pressnre was exerted over 
the medial palpebral ligament. What is the diagnosis? 
What is the most likely eanse in a ehild of this age? 
What are the posterior relations of the medial palpebral 
ligament? Deseribe the anatomy of the drainage pas- 
sages of the eonjnnetival sae and give the direetion of 
eaeh of the tnbes. 

A 7-year-old boy with right-sided otitis media was treated with 
antibioties. The organisms did not respond to the treatment, 
and the infeetion spread to the mastoid antrnm and the mas- 
toid air eells. The snrgeon deeided to perform a radieal mas- 
toid operation. After the operation, it was notieed that the 
boy's faee was distorted. 

6. The following signs and symptoms snggest that the right 
faeial nerve had been damaged dnring the operation 
except which? 

A. The month was drawn upward to the right. 

B. He was nnable to elose his right eye. 


e. Saliva tended to aeenmnlate in his right eheek. 

D. The saliva tended to dribble from the eorner of his 
month. 

E. All the mnseles of the right side of his faee were 
paralyzed. 

7. A 3-year-old boy was playing with his friend when they 
deeided to see how many peas they eonld stiek into 
eaeh others ears. Later, the babysitter notieed that one 
of the boys had beeome eompletely deaf in his left ear. 
On examination in the emergeney department of the 
loeal hospital, the physieian's assistant notieed what 
appeared to be several peas deeply embedded in the left 
external anditory meatns. She deeided to attempt the 
removal of the peas throngh an otoseope. Which diree- 
tion shonld the anriele be pnlled in a ehild to straighten 
the meatns and assist in the operation? How does this 
ehange in the adnlt? 

8. Eollowing a severe eold, a 10-year-old girl eomplained 
of severe right-sided earaehe. On examination by her 
pediatrieian, the tympanie membrane looked reddened 
and bnlged laterally. A diagnosis of otitis media was 
made. A yellowish area was apparent elose to the nmbo 
and it appeared that perforation of the tympanie mem- 
brane was abont to take plaee. It was deeided to do a 
myringotomy (ineise the tympanie membrane). Where 
would yon do a myringotomy? What strnetnres do yon 
have to avoid in this operation? What are the featnres 
normally seen on the tympanie membrane with an 
otoseope? 

9. A 13-year-old boy was strnek on his right ear by another 
boy's fist dnring a fight. By the time the boy was exam- 
ined, the ear was extremely swollen and blnish and very 
painfnl. Explain in anatomie terms where the blood 
and edema flnid eolleet in sneh a ease. Can the ear be 
treated eonservatively or shonld the hematoma be 
drained? What is a cauhflower ear? 

10. A 45-year-old woman with a severe eold had to make a 
bnsiness trip by plane. On takeoff she notieed that her 
hearing beeame impaired and she experienced aente 
pain in her right ear. She told the stewardess abont her 
problem and asked for an aspirin. The stewardess 
advised the patient to relax and swallow hard several 
times. On reaehing the ernising altitnde the right 
ear snddenly popped and the deafness and pain 
disappeared. In anatomie terms explain this patienfs 
eondition. 
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1. C is the eorreet answer. The intraeranial snbaraehnoid 
spaee extends forward throngh the optie eanal aronnd 
the optie nerve as far as the baek of the eyeball (see text 

Fig. 18-9). 

2. D is the eorreet answer. The left abdneent nerve was 
damaged by the head tranma and resnlted in paralysis 
of the left lateral reetns mnsele. As a eonsequenee, the 
medial reetns mnsele was nnapposed and tnrned the 
eye medially (medial strabismns). 

3. The stndent had a hordeolnm or stye in his right eye. 
The nsnal eanse is a staphyloeoeeal infeetion of the eye- 
lash folliele, the sebaeeons gland of Zeis, or the eiliary 
gland of Moll. The snppnrative infeetion tends to point 
on the anterior part of the lid margin. Repeated mnlti- 
ple styes tend to oeenr as the resnlt of spread of infee- 
tion along the eyelid margin. 

4. This sehoolboy has a severe 'Tlaek eye.” In this patient 
the eontnsion involved not only the eyelids bnt the skin 
of the eheek and forehead. In anterior eranial fossa frae- 
tnres, the hemorrhage oeenrs into the orbital eavity and 
is limited anteriorly by the attaehment of the orbital 
septnm to the orbital margin. In sneh eases the diseol- 
oration tends to be eirenlar. In fraetnres of the anterior 
eranial fossa, beeanse the bleeding is deeply plaeed, it 
tends to be pnrplish from the start, whereas with a blaek 
eye the eolor is initially red. 

5. This girl was snffering from ehronie daeryoeystitis see- 
ondary to eongenital obstrnetion of the nasolaerimal 
dnet. The obstrnetion resnlts from failnre of the naso- 
laerimal dnet to open up and drain into the inferior 
meatns of the nose. The posterior relation of the medial 
palpebral ligament is the laerimal sae. The drainage 
passages start at the pnneta on the tip of the laerimal 
papilla. The eanalienli first pass vertieally in the eyelids 
for abont 2 mm and then tnrn sharply at right angles 
and rnn medially for abont 8 mm to enter the laerimal 
sae. The lower end of the laerimal sae is eonneeted to 
the inferior meatns of the nose by the nasolaerimal 
dneh whieh is abont 15 mm long. The dnet passes 
downward, baekward, and laterally. 

6. A is the eorreet answer. The faeial mnseles on the left 
side of the month on eontraetion pnll the month up- 
ward and to the left beeanse the mnseles on the right 
side were paralyzed. 


7. In a yonng ehild, the external anditory meatns may be 
straightened by pnlling the anriele direetly baekward. 
In an adnlt, the meatns is straightened by pnlling the 
anriele baekward and upward (see CD Fig. 18-4). 

8. A myringotomy is performed throngh the lower quad- 
rants of the tympanie membrane to avoid damaging the 
ehorda tympani nerve that erosses the tympanie mem- 
brane on the medial side of the npper quadrants (see text 
Fig. 18-15A).The featnres seen on a normal tympanie 
membrane with an otoseope with a good light inelnde 
(1) the long proeess of the mallens with the nmbo; (2) the 
anterior and posterior malleolar folds with the pars flae- 
eida; (3) the eone of light prodneed by light refleetion on 
the eoneave tympanie membrane; (4) the tympanie 
membrane is pearl eolored with no evidenee of dilated 
blood vessels; (5) sometimes when the tympanie mem- 
brane is translneent, as in a yonng ehild, the long proeess 
of the inens and the promontory on the medial wall of 
the middle ear ean be seen (see CD Fig. 18-4). 

9. In anrienlar hematomas the blood tends to aeenmnlate 
between the periehondrinm and the nnderlying earti- 
lage. The edema flnid has little room to spread sinee 
the skin is tightly bonnd down to the periehondrinm; 
moreover, the pressnre of the flnid eanses extreme pain. 
Failnre to aspirate the hematoma may lead to neerosis 
of the eartilage, sinee it has been deprived of its blood 
snpply dne to separation of the periehondrinm from the 
eartilage. If eartilaginons neerosis takes plaee, fibrons 
replaeement oeenrs followed by eontraetion and defor- 
mity, the so-ealled eauhflower ear. 

10. Inflammation of the mneons membrane of the pharynx 
tends to spread upward to the middle ear via the andi- 
tory tnbe. The swelhng of the mneons membrane lin- 
ing the stiff wall of the tnbe resnlts in bloekage of the 
passageway. Very quiekly, the trapped air in the middle 
ear beeomes absorbed into the bloodstream, ereating a 
vaennm. As a resnlfl the tympanie membrane is pnlled 
inward and eanses deafness and aente pain. In a plane 
that is taking off and elimbing quiekly, the eabin pres- 
snres are snbjeet to ehanges and this angments the 
pressnre differenees on the two sides of the tympanie 
membrane. Repeated swallowing eanses the eontrae- 
tion of the salpingopharyngens mnsele and often allows 
snffieient air into the tympanie eavity throngh the andi- 
tory tnbe, thns relieving the problem. 
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ABDDMINAL WALL 

GEneral Appearanees nf the 
Ahdnminal Wall 

The normal abdominal wall is soft and pliable and nnder- 
goes inward and outward exeursion with respiration. The 
eontonr is snbjeet to eonsiderable variation and depends on 
the tone of its mnseles and the amonnt of fat in the snben- 
taneons tissne. Well-developed mnseles or an abnndanee of 
fat ean prove to be a severe obstaele to the palpation of the 
abdominal viseera. 

InfeetÌGti nf the fJmhiliens 

In the adnlb the nmbiliens often reeeives seant attention in 
the shower and is eonsequently a eommon site of infeetion. 

Snrgieal ineisions and Lines 
nf eieavage 

If possible, all snrgieal ineisions shonld be made in the lines 
of eleavage where the bnndles of eollagen fibers in the 
dermis rnn in parallel rows. An ineision along a eleavage 



line will heal as a narrow sear, whereas one that erosses the 
lines will heal as wide or heaped-up sears. 

Gaval Dhstrnetinn 

If the snperior or inferior vena eava is obstrneted, the venons 
blood eanses distension of the veins rnnning from the ante- 
rior ehest wall to the thigh. The lateral thoraeie vein anasto- 
moses with the snperfieial epigastrie vein, a tribntary of the 
great saphenons vein of the leg. In these eirenmstanees, a 
tortnons varieose vein may extend from the axilla to the 

lower abdomen (CD Fig. 19-1). 

Pnrtal Vein Dhslrnetinn and 
Caput Medusae 

In eases of portal vein obstrnetion (CD Fig. 19-2), the snper- 
fieial veins aronnd the nmbiliens and the paranmbilieal veins 
beeome grossly distended. The distended snbentaneons veins 
radiate ont from the nmbiliens, prodneing in severe eases the 
elinieal pietnre referred to as caput medusae. 

Skin and Its Reginnal Lymph Nndes 

Knowledge of the areas of the skin that drain into a partien- 
lar gronp of lymph nodes is elinieally important (see text 
Fig. 19-3). For example, it is possible to find a swelhng in the 


lateral thoraeie vein 


portal vein in porta hepatis 


lumbar veins 


superficial epigastrie vein 



paraumbilical veins 


varieosed vein 




CD Fìgure 19-1 Soperfieial veins of the 
anterior abdominal wall. On the left are 
anastomoses between systemie veins 
and the portal vein via paraombilieal 
veins. Arrovvs indieate the direetion taken 
by venous blood when the portal vein is 
obstructed. On the right is an enlarged 
anastomosis between the lateral thoraeie 
vein and the superficial epigastrie vein. 
This occurs if either the superior or the 
interior vena eava is obstructed. 
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CD Figure 19-2 An exannple of caput Medusae in a ease of 
portal obstruction caused by eirrhosis of the liver. 


groin (enlarged snperfieial ingninal node) eansed by an in- 
feetion or malignant tnmor of the skin of the lower part of 
the anterior abdominal wall or that of the bnttoek. 

MenihranGus Layer of the 
Snperfieial Faseia and a 

Healing Skin Wound 

When elosing abdominal wounds, it is nsnal for a snrgeon to 
pnt in a eontinnons sntnre nniting the divided membranons 
layer of snperfieial faseia. This strengthens the healing 
wound, prevents stretehing of the skin sear, and makes for a 
more eosmetieally aeeeptable resnlt. 

Memhranons Layer of Snperfieial 
Faseia and Ihe Extravasation of 
IJrine 

The membranons layer of the snperfieial faseia is important 
elinieally beeanse beneath it is a potential elosed spaee that 
does not open into the thigh bnt is eontinnons with the su- 
perfieial perineal poneh via the penis and serotnm. Rnptnre 
of the penile nrethra may be followed by extravasation of 
nrine into the serotnm, perinenm, and penis and then up 


into the lower part of the anterior abdominal wall deep to 
the membranons layer of faseia. The nrine is exeluded from 
the thigh beeanse of the attaehment of the faseia to the 
faseia lata (see text Fig. 19-4). 

HematDma nf the Reetns Sheath 

Hematoma of the reetns sheath is nneommon bnt impor- 
tant, sinee it is often overlooked. It oeenrs most often on the 
right side below the level of the nmbiliens. The sonree of 
the bleeding is the inferior epigastrie vein or, more rarely^ 
the inferior epigastrie artery. These vessels may be stretehed 
dnring a severe bont of eonghing or in the later months of 
pregnaney, whieh may predispose to the eondition. The 
eanse is nsnally blnnt tranma to the abdominal wall, sneh as 
a fall or a kiek. The symptoms that follow the tranma in- 
elnde midline abdominal pain. An aentely tender mass 
eonfined to one reetns sheath is diagnostie. 

Abdominal Mnseles, AbdominotfiD- 
raeie Rhythm, and ViseeroptDsis 

The abdominal mnseles eontraet and relax with respiration, 
and the abdominal wall eonforms to the volnme of the 
abdominal viseera. There is an abdominothoraeie rhythm. 
Normally^ dnring inspiration, when the sternnm moves for- 
ward and the ehest expands, the anterior abdominal wall also 
moves forward. If, when the ehest expands, the anterior 
abdominal wall remains stationary or eontraets inward, it is 
highly probable that the parietal peritonenm is inflamed and 
has eansed a reflex eontraetion of the abdominal mnseles. 

The shape of the anterior abdominal wall depends on the 
tone of its mnseles. A middle-aged woman with poor abdom- 
inal mnseles who has had mnltiple pregnaneies is often inea- 
pable of snpporting her abdominal viseera. The lower part of 
the anterior abdominal wall protrndes forward, a eondition 
known as viseeroptosis. This shonld not be eonfnsed with an 
abdominal tnmor sneh as an ovarian eyst or with the exeessive 
aeenmnlation of fat in the fatty layer of the snperfieial faseia. 

Mnsele Rigidity and Referred Pain 

Sometimes it is diffienlt for a physieian to deeide whether 
the mnseles of the anterior abdominal wall of a patient are 
rigid beeanse of nnderlying inflammation of the parietal 
peritonenm or whether the patient is volnntarily eontraeting 
the mnseles beeanse he or she resents being examined or be- 
eanse the physieian's hand is eold. This problem is nsnally 
easily solved by asking the patient, who is lying snpine on 
the examination table, to rest the arms by the sides and draw 
up the knees to flex the hip joints. It is praetieally impossible 
for a patient to keep the abdominal mnsenlatnre tensed 
when the thighs are flexed. Needless to say, the examineFs 
hand shonld be warm. 
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A pleurisy involving the lower eostal parietal plenra 
eanses pain in the overlying skin that may radiate down into 
the abdomen. Althongh it is nnlikely to eanse rigidity of the 
abdominal mnseles, it may eaiise eonfnsion in making a 
diagnosis nnless these anatomie faets are remembered. 

It is nsefiil to remember the following: 

Dermatomes over: 


■ The xiphoid proeess-T7 

■ The nmbiliens-TlO 

■ The pubis-Ll 

See text Fignre 19-1. 

Surgery and Tendinons 
Inlerseetinns of the Reetns 
Abdominis Mnsele 


Transverse tendinons interseetions that divide the reetns 
abdominis mnsele into distinet segments are firmly attaehed 
to the anterior wall of the reetns sheath, whereas the poste- 
rior wall of the sheath is not attaehed. This information is of 
great valne to the surgeon when entering the abdominal 
eavity throngh the anterior abdominal wall. 

FatE nf Ihe Proeessns Vaginalis 

The formation of the proeessns vaginalis and its passage 
throngh the lower part of the anterior abdominal wall with 
the formation of the ingninal eanal in both sexes were 
deseribed in text Ghapter 19. Normally, the upper part be- 
eomes obliterated jnst before birth and the lower part re- 
mains as the tuniea vaginalis. 

The proeessus is snbjeet to the following eommon 
eongenital anomalies: 

■ It may persist partially or in its entirety as a preformed her- 
nial sae for an indireet ingninal hernia (CD Fig. 19-3). 

■ It may beeome very mneh narrowed, but its Inmen re- 
mains in eommnnieation with the abdominal eavity. 
Peritoneal flnid aeenmnlates in ip forming a eongenital 

hydroeele (see CD Fig. 19-3). 

■ The npper and lower ends of the proeessns may beeome 
obliterated, leaving a small intermediate eystie area 
referred to as an eneysted hydroeele of the eord (see CD 

Fig. 19-3). 

The tnniea vaginalis is elosely related to the front and 
sides of the testis. It is therefore not surprising to find that 
inflammation of the testis ean eanse an aeenmnlation of 
flnid within the tuniea vaginalis. This is referred to simply 
as a hydroeele (CD Fig. 19-4). Most hydroeeles are 
idiopathie. 

To remove exeess fluid from the tnniea vaginalis, a 
proeedure termed tapping a hydroeele, a fine troear and 


eannnla are inserted throngh the serotal skin (see CD 
Fig. 19-4). The following anatomie strnetnres are traversed 
by the eannnla: skin, dartos mnsele and membranous layer 
of faseia (Colles' faseia), external spermatie faseia, eremas- 
terie faseia, internal spermatie faseia, and parietal layer of 
the tuniea vaginalis. 

AbdGminal HBrniae 


A hernia is the protrnsion of part of the abdominal eon- 
tents beyond the normal eonfines of the abdominal wall 
(CD Fig. 19-5). It eonsists of three parts: the sae, the eon- 
tents of the sae, and the eoverings of the sae. The hernial 
sae is a poneh (divertienlnm) of peritonenm and has a 
neek and a body. The hernial eontents may eonsist of any 
strnetnre fonnd within the abdominal eavity and may vary 
from a small pieee of omentnm to a large visens sneh as 
the kidney. The hernial eoverings are formed from the 
layers of the abdominal wall throngh whieh the hernial 
sae passes. 

Abdominal herniae are of the following eommon types: 



Ingninal (indireet or direet) 

Femoral 

Umbiheal (eongenital or aequired) 

Epigastrie 

Separation of the reeti abdominis 
Ineisional hernia 

Hernia of the linea semilnnaris (Spigelian hernia) 
Lnmbar hernia (Petif s triangle hernia) 

Internal hernia 


indireet lnguinal Hernia 

The indireet ingninal hernia is the most eommon form of 
hernia and is believed to be eongenital in origin (CD Fig. 
19-6A). The hernial sae is the remains of the proeessns 
vaginalis (an ontponehing of peritoneum that in the fetns is 
responsible for the formation of the ingninal eanal). It fol- 
lows that the sae enters the ingninal eanal throngh the deep 
ingninal ring lateral to the inferior epigastrie vessels (CD 
Fig. 19-6). It may extend part of the way along the eanal or 
the fnll length, as far as the snperfieial ingninal ring. If the 
proeessus vaginalis has undergone no obliteration, then the 
hernia is eomplete and extends through the snperfieial 
ingninal ring down into the serotnm or labinm majus. 
Under these eirenmstanees the neek of the hernial sae lies 
at the deep ingninal ring lateral to the inferior epigastrie 
vessels, and the body of the sae resides in the ingninal eanal 
and serotnm (or base of labinm majns). 

An indireet ingninal hernia is abont 20 times more 
eommon in males than in females^ and nearly one third 
are bilateral. It is more eommon on the right (normally^ the 
right proeessns vaginalis beeomes obliterated after the left; 
the right testis deseends later than the left). It is most 
eommon in ehildren and yonng adnlts. 
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peritoneal eavity 


persistent 

proeessns 

vaginalis 


peritoneal fluid 



deferens 


epididymis 


testis 


A 
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CD Figure 19-3 eomnnon eongenital 
anomalies of the proeessos vaginalis. 
A. Gongenital hydroeele. B. Eneysted hy- 
droeele of the eord. C. Preformed hernial 
sae for indireet ingoinal hernia. 


The indireet ingninal hernia ean be snmmarized as 


follows: 






It is the remains of the proeessns vaginalis and therefore 
is eongenital in origin. 

It is more eommon than a direet ingninal hernia. 

It is mneh more eommon in males than in females. 

It is more eommon on the right side. 

It is most eommon in ehildren and yonng adnlts. 

The hernial sae enters the ingninal eanal throngh the 
deep ingninal ring and lateral to the inferior epigastrie 
vessels. The neek of the sae is narrow. 

The hernial sae may extend throngh the snperfieial in- 
gninal ring above and medial to the pnbie tnberele. 
(Femoral hernia is loeated below and lateral to the pnbie 
tnberele.) 

The hernial sae may extend down into the serotnm or 
labinm majns. 


Direet lnguinal Hernia 

The direet ingninal hernia makes up abont 15% of all 
ingninal hernias. The sae of a direet hernia bnlges direetly 
anteriorly throngh the posterior wall of the ingninal eanal 
medial to the inferior epigastrie vessels (CD Fig. 19-6B). 
Beeanse of the presenee of the strong eonjoint tendon 
(eombined tendons of insertion of the internal obhque and 
transversns mnseles), this hernia is nsnally nothing more 
than a generalized bnlge; therefore, the neek of the hernial 
sae is wide. 

Direet ingninal hernias are rare in women and most are 
bilateral. It is a disease of old men with weak abdominal 
mnseles. 

A direet ingninal hernia ean be snmmarized as follows: 

■ It is eommon in old men with weak abdominal mnseles 
and is rare in women. 
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acquired hydroeele 



hydroeele fluid 


serotal skin 


dartos muscle 


membranous layer of 
superficial faseia 


external spermatie faseia 



tunica vaginalis 


eremasterie faseia 


internal spermatie faseia 


CD Fìgure 19-4 The tunica vaginalis dis- 
tended with fluid (hydroeele). Also shown are 
the various anatonnie layers traversed by a tro- 
ear and cannula when a hydroeele is tapped. 



CD Fìgure 19-5 Different parts of a hernia. 


■ The hernial sae bnlges forward throngh the posterior 
wall of the ingninal eanal medial to the inferior epigas- 
trie vessels. 

■ The neek of the hernial sae is wide. 

An ingninal hernia ean be distingnished from a femoral 
hernia by the faet that the sae, as it emerges throngh the 
snperfieial ingninal ring, lies above and medial to the pnbie 
tnberele, whereas that of a femoral hernia lies below and 

lateral to the tnberele (CD Fig. 19-7). 

Femoral Hernia 

The hernial sae deseends throngh the femoral eanal within 
the femoral sheath^ ereating a femoral hernia. The femoral 
sheath is a protrnsion of the faseial envelope lining the 
abdominal walls and snrronnds the femoral vessels and 
lymphaties for abont 1 in. (2.5 em) below the ingninal 
ligament (CD Fig. 19-8). The femoral artery, as it enters 
the thigh below the ingninal ligamenh oeenpies the lateral 
eompartment of the sheath. The femoral vein, whieh lies 
on its medial side and is separated from it by a fibrons 
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peritoneum 


deep inguinal 


A 


remains of 
processus vaginalis 


deep inguinal 


B 




eonjoint tendon 


inguinal ring 


tunica vaginalis 


hernia 



eonjoint tendon 


CD Figure 19-6 A. indireet inguinal hernia. B. Direet inguinal hernia. Note that the neek 
of the indireet inguinal hernia lies lateral to the inferior epigastrie artery, and the neek of 
the direet inguinal hernia lies nnedial to the inferior epigastrie artery. 


septum, occupies the intermediate eompartment. The 
lymph vessels, which are separated from the vein by a 
fibrons septnm, oeenpy the most medial eompartment. 
The femoral eanal, the eompartment for the lymphaties, 
oeenpies the medial part of the sheath. It is abont 0.5 in. 
(1.3 em) long, and its npper opening is referred to as the 
femoral ring. The femoral septnm, which is a eondensa- 
tion of extraperitoneal tissne, plngs the opening of the 
femoral ring. 

A femoral hernia is more eommon in women than in 
men (possibly beeanse of a wider pelvis and femoral eanal). 
The hernial sae passes down the femoral eanal, pnshing the 
femoral septnm before it. On eseaping throngh the lower 


end, it expands to form a swelhng in the npper part of the 

thigh deep to the deep faseia (see CD Fig. 19-8). With 

fnrther expansion, the hernial sae may tnrn upward to eross 
the anterior snrfaee of the ingninal ligament. 

The neek of the sae always lies below and lateral to the 
pnbie tnberele (see CD Fig. 19-7), which serves to distin- 
gnish it from an ingninal hernia. The neek of the sae is 
narrow and lies at the femoral ring. The ring is related 
anteriorly to the ingninal ligament, posteriorly to the 
peetineal ligament and the pnbis, medially to the sharp 
free edge of the laennar ligament, and laterally to the 
femoral vein. Beeanse of the presenee of these anatomie 
strnetnres, the neek of the sae is nnable to expand. Onee 
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inguinal ligament 



@ 


pubictubercle 


inguinal hernia 



CD Figure 19-7 Relation of ingoinal and fennoral hernial 
saes to the pubic tubercle. 


inguinal ligament 


pubictubercle 


lacunar ligament 
pectineus eovering 


superior ramus of pubis 



pubic 
tubercle 


femoral eanal 



peritoneum 


sheath 


femoral artery 


femoral vein 


femoral hernial sae 


CD Figure 19-8 The fennoral 
sheath as seen fronn belovv. Arrovv 
ennerging fronn the fennoral eanal 
indieates the path taken by the 
fennoral hernial sae. Note relations 
of the fennoral ring. 
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an abdominal visens has passed throngh the neek into 
the body of the sae, it may be diffienlt to pnsh it up and 
retnrn it to the abdominal eavity (irredneible hernia). 
Fnrthermore, after straining or eonghing, a pieee of 
bowel may be foreed throngh the neek and its blood 
vessels may be eompressed by the femoral ring, serionsly 
impairing its blood snpply (strangnlated hernia). A 
femoral hernia is a dangerons disease and shonld always be 
treated snrgieally. 

A femoral hernia ean be snmmarized as follows: 

■ A protrnsion of abdominal parietal peritonenm down 
throngh the femoral eanal forms the hernial sae. 

■ It is more eommon in women than in men. 

■ The neek of the hernial sae lies below and lateral to the 
pnbie tnberele. 

■ The neek of the hernial sae lies at the femoral ring and at 
that point is related anteriorly to the ingninal ligamenF 
posteriorly to the peetineal ligament and the pnbis, later- 
ally to the femoral vein, and medially to the sharp free 
edge of the laennar ligament. 


Llmbilieal Herniae 

Gongenital nmbilieal hernia, or exomphalos (omphalo- 
eele), is eansed by a failnre of part of the midgnt to retnrn to 
the abdominal eavity from the extraembryonie eoelom dnr- 
ing fetal life. The hernial sae and its relationship to the um- 
bilieal eord are shown in CD Fig. 19-9. 

Acquired infantile nmbilieal hernia is a small hernia 
that sometimes oeenrs in ehildren and is eansed by a weak- 
ness in the sear of the nmbiliens in the linea alba (see CD 
Fig. 19-9). Most beeome smaller and disappear without 
treatment as the abdominal eavity enlarges. 

Acquired nmbilieal hernia of adnlts is more eorreetly 
referred to as a paranmbilieal hernia. The hernial sae does 
not protrnde throngh the nmbilieal sear, bnt throngh the 
linea alba in the region of the nmbiliens (see CD Fig. 19-9). 
Paranmbilieal herniae gradnally inerease in size and hang 
downward. The neek of the sae may be narrow, bnt the body 
of the sae often eontains eoils of small and large intestine 
and omentnm. Paranmbilieal herniae are mneh more eom- 
mon in women than in men. 
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CD Fìgure 19-9 A. Gongenital 
ombilieal hernia. B. Infantile 
ombilieal hernia. C. Paraombili- 
eal hernia. D. Epigastrie hernia. 
E. Separation of reeti abdominis. 
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Epigastrie Hernia 

Epigastrie hernia oeenrs throngh the widest part of the linea 
alba, anywhere between the xiphoid proeess and the um- 
biliens. The hernia is nsnally small and starts off as a small 
protrnsion of extraperitoneal fat between the fibers of the 
linea alba. Dnring the following months or years the fat is 
foreed farther throngh the linea alba and eventnally drags 
behind it a small peritoneal sae. The body of the sae often 
eontains a small pieee of greater omentnm. It is eommon in 
middle-aged mannal workers. 

Separation of the Reeti Abdominis 

Separation of the reeti abdominis oeenrs in elderly mnlti- 
parons women with weak abdominal mnseles (see CD Fig. 
19-9). In this eondition, the aponenroses forming the reetns 
sheath beeome exeessively stretehed. When the patient 
eonghs or strains, the reeti separate widely, and a large 
hernial sae, eontaining abdominal viseera, bnlges forward 
between the medial margins of the reeti. This ean be 
eorreeted by wearing a snitable abdominal belt. 

ineisional Hernia 

A postoperative ineisional hernia is most likely to oeenr in 
patients in whom it was neeessary to ent one of the segmen- 
tal nerves snpplying the mnseles of the anterior abdominal 
wall; postoperative wound infeetion with death (neerosis) of 
the abdominal mnsenlatnre is also a eommon eanse. The 
neek of the sae is nsnally large, and adhesion and strangnla- 
tion of its eontents are rare eomplieations. In very obese 
individnals the extent of the abdominal wall weakness is 
often diffienlt to assess. 

Hernia of the Linea Semilunaris 
(Spigelian Hernia) 

The nneommon hernia of the linea semilnnaris oeenrs 
throngh the aponenrosis of the transversns abdominis jnst 
lateral to the lateral edge of the reetns sheath. It nsnally 
oeenrs jnst below the level of the nmbiliens. The neek of the 
sae is narrow, so that adhesion and strangnlation of its 
eontents are eommon eomplieations. 

Lumbar Hernia 

The Inmbar hernia oeenrs throngh the Inmbar triangle and 
is rare. The Inmbar triangle (PetiEs triangle) is a weak area 
in the posterior part of the abdominal wall. It is bonnded 
anteriorly by the posterior margin of the external obhque 
mnsele, posteriorly by the anterior border of the latissimns 
dorsi mnsele^ and inferiorly by the iliae erest. The floor of 
the triangle is formed by the internal obhque and the 
transversns abdominis mnseles. The neek of the hernia is 
nsnally large, and the ineidenee of strangnlation is low. 


Internal Hernia 

Oeeasionally, a loop of intestine enters a peritoneal reeess 
(e.g., the lesser sae or the dnodenal reeesses) and beeomes 
strangnlated at the edges of the reeess. 

AbdDininal Pain 

Abdominal pain is one of the most important problems faeing 
the physieian. This seetion provides an anatomie basis for the 
different forms of abdominal pain fonnd in elinieal praetiee. 

Three distinet forms of pain exist: somatie, viseeral, and 
referred pain. 

Somatie Abdominal Pain 

Somatie abdominal pain in the abdominal wall ean arise 
from the skin, faseia, mnseles, and parietal peritonenm. It 
ean be severe and preeisely loealized. When the origin is on 
one side of the midline, the pain is also lateralized. The 
somatie pain impnlses from the abdomen reaeh the eentral 
nervons system in the following segmental spinal nerves: 

■ Gentral part of the diaphragm: phrenie nerve (C3, 4, 

and 5) 

■ Peripheral part of the diaphragm: intereostal nerves 

(T7-11) 

■ Anterior abdominal wall: thoraeie nerves (T7-12) and 
the first Inmbar nerve 

■ Pelvie wall: obtnrator nerve (L2, 3 , and 4) 

The inflamed parietal peritonenm is extremely sensitive, 
and beeanse the fnll thiekness of the abdominal wall is inner- 
vated by the same nerves, it is not snrprising to find entaneons 
hypersensitivity (hyperesthesia) and tenderness. Loeal re- 
flexes involving the same nerves bring abont a proteetive phe- 
nomenon in whieh the abdominal mnseles inerease in tone. 
This inereased tone or rigidity, sometimes ealled gnarding, is 
an attempt to rest and loealize the inflammatory proeess. 

Rebonnd tenderness oeenrs when the parietal peri- 
tonenm is inflamed. Any movement of that inflamed peri- 
tonenm^ even when that movement is elieited by removing 
the examining hand from a site distant from the inflamed 
peritonenm, brings abont tenderness. 

Examples of aente, severe, loealized pain originating in 
the parietal peritonenm are seen in the later stages of ap- 
pendieitis. Cutaneous hyperesthesia, tenderness, and mns- 
enlar spasm or rigidity oeenr in the lower right quadrant of 
the anterior abdominal wall. A perforated peptie nleer, in 
whieh the parietal peritonenm is ehemieally irritated, pro- 
dnees the same symptoms and signs bnt involves the right 
npper and lower quadrants. 

Viseeral Abdominal Pain 

Viseeral abdominal pain arises in abdominal organs, viseeral 
peritonenm, and the mesenteries. The eanses of viseeral pain 
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include stretehing of a visens or mesentery, distension of a 
hollow visens, impaired blood snpply (isehemia) to a visens, 
and ehemieal damage (e.g., aeid gastrie jniee) to a visens or its 
eovering peritonenm. Pain arising from an abdominal visens 
is dnll and poorly loealized. Viseeral pain is referred to the 
midline, probably beeanse the viseera develop embryologi- 
eally as midline strnetnres and reeeive a bilateral nerve 
snpply; many viseera later move laterally as development pro- 
eeeds, taking their nerve snpply with them. 

Colic is a form of viseeral pain prodneed by the violent 
eontraetion of smooth mnsele; it is eommonly eansed by 
Inminal obstrnetion as in intestinal obstrnetion, in the 
passage of a gallstone in the biliary dnets, or in the passage 
of a stone in the nreters. 

Many viseeral afferent fibers that enter the spinal eord 
partieipate in reflex aetivity. Reflex sweating, salivation, 
nansea, vomiting, and inereased heart rate may aeeompany 
viseeral pain. 

The sensations that arise in viseera reaeh the eentral 
nervons system in afferent nerves that aeeompany the 
sympathetie nerves and enter the spinal eord throngh 
the posterior roots. The signifieanee of this pathway is 
better nnderstood in the following disenssion on referred 
viseeral pain. 

Referred Abdominal Pain 

Referred abdominal pain is the feeling of pain at a loeation 
other than the site of origin of the stimnlns bnt in an area 
snpplied by the same or adjaeent segments of the spinal 


eord. Both somatie and viseeral strnetnres ean prodnee re- 
ferred pain. 

In the ease of referred somatie pain, the possible expla- 
nation is that the nerve fibers from the diseased strnetnre 
and the area where the pain is felt aseend in the eentral 
nervons system along a eommon pathway, and the eerebral 
cortex is ineapable of distingnishing between the sites. 
Examples of referred somatie pain follow. Plenrisy involving 
the lower part of the eostal parietal plenra ean give rise to 
referred pain in the abdomen beeanse the lower parietal 
plenra reeeives its sensory innervation from the lower five 
intereostal nerves, which also innervate the skin and mns- 
eles of the anterior abdominal wall. 

Viseeral pain from the stomaeh is eommonly referred to 
the epigastrinm (CD Fig. 19-10). The afferent pain fibers 
from the stomaeh aseend in eompany with the sympathetie 
nerves and pass throngh the eeliae plexus and the greater 
splanehnie nerves. The sensory fibers enter the spinal eord 
at segments T5-9 and give rise to referred pain in der- 
matomes T5-9 on the lower ehest and abdominal walls. 

Viseeral pain from the appendix (see CD Fig. 19-10), 
which is prodneed by distension of its Inmen or spasm of its 
smooth mnsele eoat, travels in nerve fibers that aeeompany 
sympathetie nerves throngh the snperior mesenterie plexus 
and the lesser splanehnie nerve to the spinal eord (TIO 
segment). The vagne referred pain is felt in the region of the 
nmbiliens (TIO dermatome). Fater, if the inflammatory 
proeess involves the parietal peritonenm, the severe somatie 
pain dominates the elinieal pietnre and is loealized 
preeisely in the right lower quadrant. 


gallbladder, 

diaphragm 


esophagus 


gallbladder 


appendix 



heart 


stomaeh 


kidney 


ureter 



gallbladder 


urinary bladder 


CD Fìgure 19-10 Some important skin areas involved in referred pain 
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Viseeral pain from the gallbladder, as oeenrs in pa- 
tients with eholeeystitis or gallstone eolie, travels in nerve 
fibers that aeeompany sympathetie nerves. They pass 
throngh the eeliae plexus and greater splanehnie nerves to 
the spinal eord (segments T5-9). The vagne referred pain 
is felt in the dermatomes (T5-9) on the lower ehest and 
npper abdominal walls (see CD Fig. 19-10). If the inflam- 
matory proeess spreads to involve the parietal peritonenm 
of the anterior abdominal wall or peripheral diaphragm, 
the severe somatie pain is felt in the right npper quadrant 
and throngh to the baek below the inferior angle of the 
seapnla. Involvement of the eentral diaphragmatie parietal 
peritonenm, whieh is innervated by the phrenie nerve (C3, 
4, and 5), ean give rise to referred pain over the shonlder 
beeanse the skin in this area is innervated by the snpra- 
elavienlar nerves (C3 and 4). 

AnterÌDr Ahdominal Nerve Dlnek 

See CD Chapter 17. 

Snrgieal ineisinns 

The length and direetion of snrgieal ineisions throngh the 
anterior abdominal wall to expose the nnderlying viseera are 
largely governed by the position and direetion of the nerves 
of the abdominal wall, the direetion of the mnsele fibers, 
and the arrangement of the aponenroses forming the reetns 
sheath. Ideally, the ineision shonld be made in the direetion 
of the lines of eleavage in the skin so that a hairline sear is 
prodneed. The snrgeon nsnally has to eompromise, plaeing 
the safety of the patient first and the eosmetie resnlt seeond. 

Ineisions that neeessitate the division of one of the main 
segmental nerves lying within the abdominal wall resnlt in 
paralysis of part of the anterior abdominal mnsenlatnre and 
a segment of the reetns abdominis. The eonsequent weak- 
ness of the abdominal mnsenlatnre eanses an nnsightly 
bnlging forward of the abdominal wall and viseeroptosis; 
extreme eases may require a snrgieal belt for snpport. 

If the ineision ean be made in the line of the mnsele 
fibers or aponenrotie fibers as eaeh layer is traversed, on 
elosing the ineision the fibers fall baek into position and 
fnnetion normally. 

Ineisions throngh the reetns sheath are widely nsed, 
provided that the reetns abdominis mnsele and its nerve 
snpply are kept intaet. On elosnre of the ineisions, the ante- 
rior and posterior walls of the sheath are sntnred separately, 
and the reetns mnsele springs baek into position between 
the sntnre lines. The resnlt is a very strong repair, with min- 
imnm interferenee with fnnetion. 

The following ineisions are eommonly nsed: 

■ Paramedian ineision: This may be snpranmbilieal, for 
exposure of the npper part of the abdominal eavity, or 
infranmbilieal, for the lower abdomen and pelvis. In 


extensive operations in whieh a large exposure is re- 
quired, the ineision ean rnn the fnll length of the reetns 
sheath. The anterior wall of the reetns sheath is exposed 
and ineised abont 1 in. (2.5 em) from the midline. The 
medial edge of the ineision is disseeted medially, free- 
ing the anterior wall of the sheath from the tendinons 
interseetions of the reetns mnsele. The reetns abdo- 
minis mnsele is retraeted laterally with its nerve snpply 
intaeh and the posterior wall of the sheath is exposed. 
The posterior wall is then ineised, together with the 
faseia transversalis and the peritonenm. The wound is 
elosed in layers. 

Parareetns ineision: The anterior wall of the reetns 
sheath is ineised medially and parallel to the lateral mar- 
gin of the reetns mnsele. The reetns is freed and retraeted 
medially, exposing the segmental nerves entering its pos- 
terior snrfaee. If the opening into the abdominal eavity is 
to be small, these nerves may be retraeted upward and 
downward. The posterior wall of the sheath is then in- 
eised, as in the paramedian ineision. The great disadvan- 
tage of this ineision is that the opening is small, and any 
longitndinal extension requires that one or more seg- 
mental nerves to the reetns abdominis be divided, with 
resnltant postoperative reetns mnsele weakness. 

Midline ineision: This ineision is made throngh the 
linea alba. The faseia transversalis, the extraperitoneal 
eonneetive tissne, and the peritonenm are then ineised. 
It is easier to perform above the nmbiliens beeanse the 
linea alba is wider in that region. It is a rapid method of 
gaining entranee to the abdomen and has the obvions 
advantage that it does not damage mnseles or their nerve 
and blood snpplies. Midline ineision has the additional 
advantage that it may be eonverted into a T-shaped inei- 
sion for greater exposure. The anterior and posterior 
walls of the reetns sheath are then ent aeross transversely, 
and the reetns mnsele is retraeted laterally. 

Transreetns ineision: The teehnique of making and 
elosing this ineision is the same as that nsed in the para- 
median ineision, exeept that the reetns abdominis mns- 
ele is ineised longitndinally and not retraeted laterally 
from the midline. This ineision has the great disadvan- 
tage of seetioning the nerve snpply to that part of the 
mnsele that lies medial to the mnsele ineision. 
Transverse ineision: This ean be made above or below 
the nmbiliens and ean be small or so large that it ex- 
tends from flank to flank. It ean be made throngh the 
reetns sheath and the reetns abdominis mnseles and 
throngh the obhque and transversns abdominis mnseles 
laterally. It is rare to damage more than one segmental 
nerve so that postoperative abdominal weakness is 
minimal. The ineision gives good exposure and is well 
tolerated by the patient. Closure of the wound is made 
in layers. It is nnneeessary to sntnre the ent ends of the 
reetns mnseles, provided that the sheaths are earefnlly 
repaired. 
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■ Muscle splitting, or McBurney^s ineision: This is 
ehiefly used for eeeostomy and appendeetomy. It gives a 
limited exposure only, and shonld any donbt arise abont 
the diagnosis, an infranmbilieal right paramedian inei- 
sion shonld be nsed instead. An obhque skin ineision is 
made in the right iliae region abont 2 in. (5 em) above 
and medial to the anterior snperior iliae spine. The ex- 
ternal and internal obhque and transversns mnseles are 
ineised or split in the line of their fibers and retraeted to 
expose the faseia transversalis and the peritonenm. The 
latter are now ineised and the abdominal eavity is 
opened. The ineision is elosed in layers, with no postop- 
erative weakness. 

■ Abdominothoraeie ineision: This is nsed to expose the 
lower end of the esophagns, as, for example, in esopha- 
gogastrie reseetion for eareinoma of this region. An npper 
obhque or paramedian abdominal ineision is extended 
upward and laterally into the seventh, eighth, or ninth 
intereostal spaee, the eostal areh is transeeted, and the 
diaphragm is ineised. Wide exposure of the npper ab- 
domen and thorax is then obtained by the nse of a rib- 
spreading retraetor. 

On eompletion of the operation, the diaphragm is re- 
paired with nonabsorbable sntnres, the eostal margin is 
reeonstrneted, and the abdominal and thoraeie wounds 
are elosed. 


Endoseopie Snrgery 

Endoseopie snrgery on the gallbladder, bile dnets, and ap- 
pendix has beeome a eommon proeednre. It involves the 
passage of the endoseope into the peritoneal eavity throngh 
small ineisions in the anterior abdominal wall. The 
anatomie strnetnres traversed by the instrnments are similar 
to those ennmerated for peritoneal lavage. Great eare mnst 
be taken to preserve the integrity of the segmental nerves as 
they eonrse down from the eostal margin to snpply the 
abdominal mnsenlatnre. 

The advantages of this snrgieal teehnique are that the 
anatomie and physiologie featnres of the anterior abdominal 
wall are disrnpted only minimally and, eonsequently, eon- 
valeseenee is brief. The great disadvantages are that the 
snrgieal field is small and the snrgeon is limited in the extent 

of the operation (CD Fig. 19-11). 

Paraeentesis nf the Abdomen 

Paraeentesis of the abdomen may be neeessary to withdraw 
exeessive eolleetions of peritoneal flnid, as in aseites 
seeondary to eirrhosis of the liver or malignant aseites 
seeondary to advaneed ovarian eaneer. Under a loeal anes- 
thetie, a needle or eatheter is inserted throngh the anterior 
abdominal wall. The nnderlying eoils of intestine are not 



CD Fìgnre 19-11 Ingoinal eanal anatomy as vievved during laparoseopie exploration of the 
peritoneal eavity. A. The normal anatomy of the inguinal region from vvithin the peritoneal 
eavity. Blaek arrow \ndi\cates the elosed deep inguinal ring; white arrow,t\\e inferior epigas- 
trie vessels. B. An indireet inguinal hernia. Curved bíaek arrow \nó\cates the mouth of the 
hernial sae; white arrow, the inferior epigastrie vessels. (Courtesy of N.S. Adziek.) 
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CD Fígure 19-12 eomnnon sites used in abdom- 
inal paraeentesis. Note the position of the supe- 
rior and inferior epigastrie arteries in the rectus 
sheath and the deep circumflex iliae arteries. 


damaged because they are mobile and are pushed away by 
the eannnla. 

If the eannnla is inserted in the midline (CD Figs. 19- 
12 and 19-13), it will pass throngh the following anatomie 
structures: skin, snperfieial faseia, deep faseia (very thin), 
linea alba (virtnally bloodless), faseia transversalis, extraperi- 
toneal eonneetive tissne (fatty), and parietal peritoneum. 

If the eannnla is inserted in the flank (see CD Figs. 19- 
12 and 19-13) lateral to the inferior epigastrie artery and above 
the deep circumflex artery, it will pass through the following: 
skin, superficial faseia, deep faseia (very thin), aponeurosis or 
mnsele of external oblique, internal oblique mnsele, trans- 
versus abdominis mnsele, faseia transversalis, extraperitoneal 
eonneetive tissue (fatty), and parietal peritonenm. 

AnatGmy of PeritDneal Lavage 

Peritoneal lavage is nsed to sample the intraperitoneal spaee 
for evidenee of damage to viseera and blood vessels (CD 


Fig. 19-14). It is generally employed as a diagnostie teeh- 
nique in eertain eases of blnnt abdominal trauma. In non- 
trauma sitnations, peritoneal lavage has been nsed to 
eonfirm the diagnosis of aente panereatitis and primary 
peritonitis, to eorreet hypothermia, and to eondnet dialysis. 

The patient is plaeed in the snpine position and the nri- 
nary bladder is emptied by eatheterization. In small ehil- 
dren the bladder is an abdominal organ; in adnlts, the fnll 
bladder may rise ont of the pelvis and reaeh as high as the 
nmbiliens. The stomaeh is emptied by a nasogastrie tnbe 
beeanse a distended stomaeh may extend to the anterior ab- 
dominal wall. The skin is anesthetized and a 2.25 in. (3-em) 
vertieal ineision is made. 

Midline ineision Technique 

The following anatomie strnetnres are penetrated, in order, 
to reaeh the parietal peritoneum (CD Fig. 19-14): skin, fatty 
layer of superficial faseia, membranous layer of snperfieial 


1 


rectus abdominis 
in sheath 


• . 


iLrf V • / 

^ ^ ^ •• • • 

> t*' • 


• • ‘‘f*' . • •• * • 

*. * . í .• . *••• * 

.. • ,. ••.•./.• • * í 


supericial faseia 




•• • • *.*.•%* 


o 


eoils of 
small intestine 


\' 




••• 




external oblique 
internal oblique 
transversus abdominis 






faseiatransversalis 


extraperitoneal fat 
parietal peritoneum 

peritoneal eavity 


CD Fìgure 19-13 Paraeentesis of the abdominal eavity in midline (7) and laterally (2). 
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CD Figure 19-14 Peritoneal lavage. A. The two eonnnnon sites used in this procedure. Note 
the positions of the superior and inferior epigastrie arteries in the rectus sheath. B. Gross 
seetion of the anterior abdonninal wall in the nnidline. Note the structures piereed by the 
eatheter. C. Gross seetion of the anterior abdominal wall just lateral to the umbilicus. Note 
the structures piereed by the eatheter. The rectus muscle has been retraeted laterally. 


faseia, thin layer of deep faseia, linea alba, faseia transver- 
salis, extraperitoneal fat, and parietal peritonenm. 

Paraumbilical ineision Technique 

The following anatomie strnetnres are penetrated, in order, 
to reaeh the parietal peritonenm (see CD Fig. 19-14): skin, 


fatty layer of snperfieial faseia, membranons layer of snperfi- 
eial faseia, thin layer of deep faseia, anterior wall of reetns 
sheath, the reetns abdominis mnsele is retraeted, posterior 
wall of the reetns sheath, faseia transversalis, extraperitoneal 
fah and parietal peritonenm. 

It is important that all the small blood vessels in the 
snperfieial faseia be seenred, beeanse bleeding into the 
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CD Fìgure 19-15 Unnbilicus and 
sonne eommon eongenital defeets. 


peritoneal eavity might prodnee a false-positive resnlt. 

These vessels are the terminal branehes of the snperfieial 

and deep epigastrie arteries and veins. 

Anatomy of the Complications of 
Peritoneal Lavage 

■ In the midline teehnigne^ the ineision or troehar may 
miss the linea alba and enter the reetns sheath and 
traverse the vasenlar reetns abdominis mnsele and en- 
eonnter branehes of the epigastrie vessels. Bleeding from 
this sonree eonld prodnee a false-positive resnlt. 

■ Perforation of the gnt by the sealpel or troear 

■ Perforation of the mesenterie blood vessels or vessels on 
the posterior abdominal wall or pelvie walls 


■ Perforation of a fnll bladder 

■ Wound infeetion 

AbdDininal Slab WDunds 

Abdominal stab wounds may or may not penetrate the 
parietal peritonenm and violate the peritoneal eavity, and 
eonsequently may or may not signifieantly damage the 
abdominal viseera. The strnetnres in the varions layers 
throngh whieh an abdominal stab wound penetrates will 
depend on the anatomie loeation. 

Lateral to the reetns sheath (see CD Fig. 19-13) are the 

following: skin, fatty layer of snperfieial faseia, membranons 
layer of snperfieial faseia, thin layer of deep faseia, external 
obhque mnsele or aponenrosis, internal obhque mnsele or 
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aponeurosis, transversns abdominis mnsele or aponenrosis, 
faseia transversalis, extraperitoneal eonneetive tissne (often 
fatty), and parietal peritonenm. 

Anterior to the reetns sheath (see CD. Fig. 19-13) are 

the following: skin; fatty layer of snperfieial faseia; membra- 
nons layer of snperfieial faseia; thin layer of deep faseia; 
anterior wall of reetns sheath; reetns abdominis mnsele, 
with segmental nerves and epigastrie vessels lying behind 
the mnsele; posterior wall of reetns sheath; faseia transver- 
salis; extraperitoneal eonneetive tissne (often fatty); and 
parietal peritonenm. 

In the midline (see CD Fig. 19-13) are the following: 

skin, fatty layer of snperfieial faseia, membranons layer of 
snperfieial faseia, thin layer of deep faseia, linea alba, faseia 
transversalis, extraperitoneal eonneetive tissne (often fatty), 
and parietal peritonenm. 

In a stab wound, peritoneal lavage may be nsed to 
determine whether any damage to viseera or vasenlatnre has 
oeenrred. 

AbdGminal GunshDl WDunds 

Cunshot wounds are mneh more serions than stab wounds; 
in most patients, the peritoneal eavity has been entered, and 
signifieant viseeral damage has ensned. 

Tying the Llmhilieal CDrd 

At birth, the eord is tied off elose to the nmbiliens. Abont 2 
in. (5 em) of eord is left between the nmbiliens and the lig- 
atnre, sinee a pieee of intestine may be present as an um- 
bilieal hernia in the remains of the extraembryonie eoelom. 
After applieation of the ligatnre, the nmbilieal vessels eon- 
striet and thrombose. Later, the stnmp of the eord is shed 
and the nmbilieal sear tissne beeomes retraeted and as- 
snmes the shape of the umbilicus, or navel. 

PatEnt Urachus 

The nraehns is the remains of the allantois of the fetns and 
normally persists as a fibrons eord that rnns from the apex 
of the bladder to the nmbiliens. Oeeasionally, the eavity of 
the allantois persists, and nrine passes from the bladder 
throngh the nmbiliens. In newborns, it nsnally reveals 
itself when a eongenital nrethral obstrnetion is present. 
More often, it remains nndiseovered nntil old age, when 
enlargement of the prostate may obstrnet the nrethra (see 

CD Fig. 19-15). 

VitellDÌntestinal Duct 

The vitelline dnet in the early embryo eonneets the devel- 
oping gnt to the yolk sae. Normally, as development 
proeeeds, the dnet is obliterated, severs its eonneetion with 
the small intestine, and disappears. Persistenee of the vitel- 


lointestinal dnet ean resnlt in an nmbilieal feeal fistnla (see 
CD Fig. 19-15). If the dnet remains as a fibrons band, a loop 
of bowel ean beeome wrapped aronnd ip eansing intestinal 

obstrnetion (see CD Fig. 19-15). 

MeekePs diverticulum is a eongenital anomaly repre- 
senting a persistent portion of the vitellointestinal dnet. It 
oeenrs in 2% of patients (see CD Fig. 19-15), is loeated 

abont 2 ft (61 em) from the ileoeolie jnnetion, and is abont 
2 in. (5 em) long. It ean beeome nleerated or eanse intesti- 
nal obstrnetion. 

Umbilical Vessel CatheterizatÌDn 

The nmbilieal eord is snrronnded by the fetal membrane, 
amnion, and eontains Wharton^s jelly. Embedded in this 
jelly are the remains of the vitellointestinal dnet and the 
allantois, and the single nmbilieal vein and the two 
nmbilieal arteries (CD Fig. 19-16). The vein is a larger thin- 
walled vessel and is loeated at the 12 o'eloek position when 
faeing the nmbiliens; the two arteries, whieh lie adjaeent to 
one another and are loeated at the 4 and 8 o'eloek positions 
when faeing the nmbiliens, are smaller and thiek walled. 

indieations for Llmbilieal Artery 
eatheterization 

1. Administration of flnids or blood for resnseitation 
pnrposes 

2. Arterial blood gas and blood pressnre monitoring. The 
nmbilieal arteries may be eannnlated most easily dnr- 
ing the first few honrs after birth, bnt they may be 
eannnlated up to 6 days after delivery. 

Anatomy of Procedure 

One of the small, thiek-walled arteries is identified in the 
Wharton's jelly in the nmbilieal stnmp. Beeanse the nmbil- 
ieal arteries are branehes of the internal iliae arteries in the 
pelvis, the eatheter is introdneed and advaneed slowly in the 
direetion of the feet. The eatheter ean be inserted for abont 

2.75 in. (7 em) in a prematnre infant and 4.75 in. (12 em) 

in a fnll-term infant. The eonrse of the eatheter ean be eon- 
firmed on a radiograph and is as follows: (1) nmbilieal artery 
(direeted downward into the pelvis), (2) internal iliae artery 
(aente tnrn into this artery), and (3) eommon iliae artery and 
the aorta. 

Anatomy of Complications 

■ Catheter perforates arterial wall at a point where the 
artery tnrns downward toward the pelvis at the anterior 
abdominal wall. 

■ Catheter enters the thin-walled wider nmbilieal vein 
instead of the thiek-walled smaller artery. 

■ Catheter enters the thin-walled persistent nraehns (nrine 
is retnrned into eatheter). 
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CD Figure 19-16 Gatheterization of the ymbilieal blood vessels. Arrangement of the single 
ombilieal vein and the two ombilieal arteries in the ombilieal eord and the paths taken by the 
eatheter in the ombilieal vein and the ombilieal artery. 


■ Vasospasm of the nmbilieal and the iliae arteries eansing 
blanehing of the leg 

■ Perforation of arteries distal to the nmbilieal artery, for 
example, the iliae arteries or even the aorta 

■ Other eomplieations inelnde thrombosis, emboli, and 
infeetion of the nmbilieal stnmp. 

indieations for Llmbilieal Vein 
Gatheterization 

1. Administration of flnids or blood for resnseitation 
pnrposes 


2. Exehange transfnsions; the nmbilieal vein may be 
eannnlated up to 7 days after birth. 

Anatomy of Procedure 

The nmbilieal vein is loeated in the eord stnmp at the 12 o'- 
eloek position (see CD Fig. 19-16), as deseribed previonsly, 
and is easily reeognized beeanse of its thin wall and large 
Inmen. The eatheter is advaneed gently and is direeted 
toward the head, beeanse the vein rnns in the free margin of 
the faleiform ligament to join the dnetns venosns at the 
porta hepatis. The eatheter may be advaneed abont 2 in. 
(5 em) in a fnll-term infant. The eonrse of the eatheter may 
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be eonfirmed by radiography and is as follows: (1) the um- 
bilieal vein, (2) the dnetns venosns, and (3) the inferior vena 

eava (4 to 4.75 in.; 10 to 12 em). 

Anatomy of Complications 

■ Gatheter may perforate the venons wall. This is most 
likely to oeenr where the vein tnrns eranially at the 
abdominal wall. 

■ Other eomplieations inelnde liver neerosis^ hemorrhage^ 
and infeetion. 

PERITDNEDM AND 
PERITDNEAL 
EAVITY 

MovEment of PErilDneal Flnid 

The peritoneal eavity is divided into an npper part within 
the abdomen and a lower part in the pelvis. The abdominal 
part is fnrther snbdivided by the many peritoneal refleetions 
into important reeesses and spaees, whieh, in tnrn, are eon- 

tinned into the paraeolie gntters (CD Fig. 19-17). The at- 

taehment of the transverse mesoeolon and the mesentery of 
the small intestine to the posterior abdominal wall provides 
natnral peritoneal barriers that may hinder the movement of 
infeeted peritoneal flnid from the npper part to the lower 
part of the peritoneal eavity. 

It is interesting to note that when the patient is in the 
snpine position the right snbphrenie peritoneal spaee and 
the pelvie eavity are the lowest areas of the peritoneal eavity 
and the region of the pelvie brim is the highest area (see CD 

Fig. 19-17). 

PEritonEal InfEelion 

Infeetion may gain entranee to the peritoneal eavity throngh 
several rontes: from the interior of the gastrointestinal traet 
and gallbladder, throngh the anterior abdominal wall, via 
the nterine tnbes in females (gonoeoeeal peritonitis in 
adnlts and pnenmoeoeeal peritonitis in ehildren oeenr 
throngh this ronte), and from the blood. 

Colleetion of infeeted peritoneal flnid in one of the 
snbphrenie spaees is often aeeompanied by infeetion of 
the plenral eavity. It is eommon to find a loealized 
empyema in a patient with a snbphrenie abseess. It is be- 
lieved that the infeetion spreads from the peritonenm to 
the plenra via the diaphragmatie lymph vessels. A patient 
with a snbphrenie abseess may eomplain of pain over the 
shonlder. (This also holds trne for eolleetions of blood 
nnder the diaphragm, whieh irritate the parietal diaphrag- 



matie peritonenm.) The skin of the shonlder is snpplied by 
the snpraelavienlar nerves (C3 and 4), whieh have the 
same segmental origin as the phrenie nerve, whieh snp- 
plies the peritonenm in the eenter of the nndersnrfaee of 
the diaphragm. 

To avoid the aeenmnlation of infeeted flnid in the snb- 
phrenie spaees and to delay the absorption of toxins from in- 
traperitoneal infeetions, it is eommon nnrsing praetiee to sit 
a patient up in bed with the baek at an angle of 45°. In this 
position, the infeeted peritoneal flnid tends to gravitate 
downward into the pelvie eavity, where the rate of toxin ab- 

sorption is slow (see CD Fig. 19-17). 

GrEatEF DmEntoin and tliE 

Loealization of InfEetion 

The greater omentnm is often referred to by the snrgeons as 
the abdominal polieeman. The lower and the right and left 
margins are free, and it moves abont the peritoneal eavity in 
response to the peristaltie movements of the neighboring 
gnt. In the first 2 years of life it is poorly developed and thns 
is less proteetive in a yonng ehild. Later, however, in an 
aentely inflamed appendix, for example, the inflammatory 
exudate eanses the omentnm to adhere to the appendix and 
wrap itself aronnd the infeeted organ (CD Fig. 19-18). By 
this means, the infeetion is often loealized to a small area of 
the peritoneal eavity, thns saving the patient from a serions 
diffnse peritonitis. 

GrEatEr DmEntom as a HErnial Plog 

The greater omentnm has been fonnd to plng the neek of 
a hernial sae and prevent the entranee of eoils of small 
intestine. 

GrEatEF DmEntom in SnrgEry 

Snrgeons sometimes nse the omentnm to bnttress an 
intestinal anastomosis or in the elosnre of a perforated 
gastrie or dnodenal nleer. 

Torsion of tfiE GrEatEr DmEntom 

The greater omentnm may nndergo torsion, and if 
extensive, the blood snpply to a part of it may be ent off, 
eansing neerosis. 

AseÌtES 

Aseites is essentially an exeessive aeenmnlation of peritoneal 
flnid within the peritoneal eavity. Aseites ean oeenr 
seeondary to hepatie eirrhosis (portal venons eongestion), 
malignant disease (e.g., eaneer of the ovary), or eongestive 
heart failnre (systemie venons eongestion). In a thin patient, 
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anterior and posterior 
right subphrenic spaees 


anterior left subphrenic spaee 


right 

paraeolie 

gutter 



phrenieoeolie 
ligament 



paraeolie gutter 



right posterior subphrenic spaee 


pelvie eavity 


pelvie eavity 



CD Fìgure 19-17 Direetion of flow of the peritoneal fluid. 1. Nornnal flow upward to the 
subphrenic spaees. 2. Flow of inflannnnatory exudate in peritonitis. 3. The two sites where 
inflannnnatory exudate tends to eolleet when the patient is nursed in the supine position. 
4. Accunnulation of inflannnnatory exudate in the pelvis when the patient is nursed in the 
inelined position. 


as much as 1,500 mL has to accumulate before aseites cau 
be recoguized chuically. lu obese iudividuals, a far greater 
amouut has to eolleet before it cau be deteeted. 

Peritoneal Pain 

From the Parietal Peritoneum 

The parietal peritoueum liuiug the auterior abdomiual 
wall is supphed by the lower six thoraeie uerves aud the 


first lumbar uerve. Abdomiual paiu origiuatiug from the 
parietal peritoueum is therefore of the somatie type, cau be 
preeisely loealized, aud is usually severe (see Abdomiual 
Paiu). 

Au iuflamed parietal peritoueum is extremely seusi- 
tive to stretchiug. This faet is made use of cliuically iu 
diaguosiug peritouitis. Pressure is applied to the ab- 
domiual wall with a siugle fiuger over the site of the iu- 
flammatiou. The pressure is theu removed by suddeuly 
withdrawiug the fiuger. The abdomiual wall rebouuds, 
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CD Figure 19-18 A. The nornnal greater 
onnentunn. B. The greater onnentunn 
vvrapped around an inflanned appendix. 
e. Greater onnentunn adherent to the 
base of a gastrie ulcer. One innportant 
function of the greater onnentunn is to 
attennpt to limit the spread of intraperi- 
toneal infeetions. 


resulting in extreme loeal pain, whieh is known as re- 

bonnd tenderness. 

It shoiild always be remembered that the parietal peri- 
toneiim in the pelvis is innervated by the obtnrator nerve 
and ean be palpated by means of a reetal or vaginal exami- 
nation. An inflamed appendix may hang down into the 
pelvis and irritate the parietal peritonenm. A pelvie exami- 
nation ean deteet extreme tenderness of the parietal peri- 
toneiim on the right side. 

From the Viseeral Peritoneum 

The viseeral peritoneiim^ ineliiding the mesenteries^ is in- 
nervated by antonomie afferent nerves. Streteh eansed by 
overdistension of a visens or pnlling on a mesentery gives 
rise to the sensation of pain. The sites of origin of viseeral 
pain are shown in CD Fig. 19-10. 

Beeaiise the gastrointestinal traet arises embryologieally 
as a midline strnetnre and reeeives a bilateral nerve 
siipply, pain is referred to the midline. Pain arising from an 
abdominal visens is dnll and poorly loealized (see Abdomi- 
nal Pain). 

PeritGneal Dialysis 

Beeanse the peritoneiim is a semipermeable membrane, it 
allows rapid bidireetional transfer of snbstanees aeross itself. 
Beeaiise the snrfaee area of the peritonenm is enormons, 
this transfer property has been made nse of in patients with 
aente renal insiiffieieney. The effieieney of this method is 
only a fraetion of that aehieved by hemodialysis. 

A watery solntion, the dialysate, is introdneed throngh a 
eatheter throngh a small midline ineision throngh the ante- 
rior abdominal wall below the iimbiliens. The teehnique is 


the same as peritoneal lavage. The prodnets of metabolism, 
sneh as urea, diffnse throngh the peritoneal lining eells from 
the blood vessels into the dialysate and are removed from 
the patient. 

Internal Ahdnminal Hernia 

Oeeasionally, a loop of intestine enters a peritoneal poueh 
or reeess (e.g., the lesser sae or the duodenal reeesses) and 
beeomes strangnlated at the edges of the reeess. Remember 
that important strnetnres form the boundaries of the 
entranee into the lesser sae and that the inferior mesenterie 
vein often lies in the anterior wall of the paraduodenal 


RETRDPERITDNEAL 
SPAEE 

Tranma to Drgans in the 
Retroperitnneal Spaee 

Palpation of the anterior abdominal wall in the Inmbar 
and iliae regions may give rise to signs indieative of peri- 
toneal irritation (the peritonenm forms the anterior bonnd- 
ary of the spaee; see text Fig. 19-30). In other words, 
tenderness and mnsele spasm (rigidity) may be present. 
Palpation of the baek in the interval between the twelfth 
rib and the vertebral eolnmn may reveal tenderness sng- 
gestive of kidney disease. 


reeess. 
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Abdominal radiographs may reveal air in the extraperi- 
toneal tissnes, indieating perforation of a visens (e.g., as- 
eending or deseending eolon). Gompnted tomography 
seans ean often aeenrately define the extent of the injnry to 
the extraperitoneal organs. 

Abseess FormatÌDn 

Infeetion originating in retroperitoneal organs, sneh as the 
kidneys, lymph nodes, and retroeeeal appendix, may extend 
widely into the retroperitoneal spaee. 

Leaking Aortie Aneorysm 

The blood may first be eonfined to the retroperitoneal spaee 
before rnptnring into the peritoneal eavity. 

THE ALIMENTARY 
TRAET 

Esophagos 

Narrow Areas of the Esophageal 
Lumen 

The esophagns is narrowed at three sites: at the beginning, 
behind the erieoid eartilage of the larynx; where the left 
bronehns and the areh of the aorta eross the front of 
the esophagns; and where the esophagns enters the stomaeh. 
These three sites may offer resistanee to the passage of a tnbe 
down the esophagns into the stomaeh (CD Fig. 19-19). 



portal hypertension develops, resnlting in dilatation and 
varieosity of the portal-systemie anastomoses. Varieosed 
esophageal veins may rnptnre, eansing severe vomiting of 
blood (hematemesis). 

Anatomy of the Insertìon of the 
Sengstaken-Blakemore Balloon 
for Esophageal Hemorrhage 

The Sengstaken-Blakemore balloon is nsed for the eontrol 
of massive esophageal hemorrhage from esophageal variees. 
A gastrie balloon anehors the tnbe against the esophageal— 
gastrie jnnetion. An esophageal balloon oeelndes the 
esophageal variees by eonnterpressnre. The tnbe is inserted 
throngh the nose or by nsing the oral ronte. 

The Inbrieated tnbe is passed down into the stom- 
aeh, and the gastrie balloon is inflated. In the average 
adnlt the distanee between the external orifiees of the 
nose and the stomaeh is 17.2 in. (44 em), and the dis- 
tanee between the ineisor teeth and the stomaeh is 16 in. 

(41 em). 

Anatomy of the Complications 

■ Diffienlty in passing the tnbe throngh the nose 

■ Damage to the esophagns from overinflation of the 
esophageal tnbe 

■ Pressnre on neighboring mediastinal strnetnres as 
the esophagns is expanded by the balloon within its 
Inmen 

■ Persistent hieenps eansed by irritation of the diaphragm 
by the distended esophagns and irritation of the stomaeh 
by the blood 

Etomaeh 


Aehalasia of the Gardia 
(Esophagogastrie Junction) 

The eanse of aehalasia is unknown, bnt it is assoeiated with 
a degeneration of the parasympathetie plexus (Anerbaeh's 
plexus) in the wall of the esophagns. The primary site of the 
disorder may be in the innervation of the eardioesophageal 
sphineter by the vagns nerves. Dysphagia (diffienlty in swal- 
lowing) and regnrgitation are eommon symptoms that are 
later aeeompanied by proximal dilatation and distal narrow- 
ing of the esophagns. 

Bleeding Esophageal Variees 

At the lower third of the esophagns is an important 
portal-systemie venons anastomosis. Here, the esophageal 
tribntaries of the left gastrie vein (whieh drains into the por- 
tal vein) anastomose with the esophageal tribntaries of the 
azygos veins (systemie veins). Shonld the portal vein be- 
eome obstrneted, as, for example, in eirrhosis of the liver, 


Nausea 

Nansea is a very eommon symptom and may oeenr as the 
resnlt of drngs, sneh as anestheties and apomorphine, 
pregnaney, motion siekness, and ehemotherapy. It often 
preeedes vomiting. Nansea is the reeognition that the vom- 
iting eenter in the mednlla oblongata is being stimnlated by 
afferent impnlses derived from the stomaeh and intestines, 
or in the ease of motion siekness^ impnlses derived from the 
semieirenlar eanals of the inner ear. It is well known that 
eertain offensive odors ean initiate nansea and vomiting and 
this is presnmably dne to the direet stimnlation of the 
vomiting eenter by nerve impnlses from the eerebral eortex. 

Vomiting 

Vomiting is the proeess by whieh the stomaeh and npper 
intestinal traet empties itself of its eontents. It is eansed by 
the presenee in the npper gastrointestinal traet of some snb- 
stanee, ehemieal, baeterial, or viral, that exeessively irritates 
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external naris 


ineisor tooth 


duodenum 
23.2-27.2 in. (59-69 em) 

22-26 in. (56-66 em) 



eervieal eonstrietion 


in. (18 em) 


(15 em) 


bronehoaortie eonstrietion 


1.2in. (28 em) 


10 in. (25 em) 


diaphragmatie eonstrietion 
17.2 in. (44 em) 

16 in. (41 em) 


ò 


CD Figure 19-19 The approxi- 
nnate respeetive distanees fronn 
the ineisor teeth (blaek) and the 
nostrils (red) to the nornnal three 
eonstrietions of the esophagos. 
To assist in the passage of a 
tube to the duodenunn, the dis- 
tanees to the first part of the 
duodenunn are also included. 


the gut wall and results in overdistension of the npper part 
of the gastrointestinal traet. The aet of vomiting is preeeded 
by exeessive salivation (presnmably an attempt to dilnte the 
irritant). This is followed by stimnlation of the sympathetie 
system resnlting in dilatation of the pnpils, an inerease in 
the heart rate, faeial pallor (dne to vasoeonstrietion of the 
blood vessels), eold sweating, fatigue, and drowsiness. Nerve 
impnlses travel to the vomiting eenter from the gastroin- 
testinal traet via the vagi and sympathetie afferent fibers. 
Onee the nerve stimnlation of the vomiting eenter reaehes 
a eertain level, the vomiting aet takes plaee. 

The aet of vomiting has two phases. The retehing phase 
is nonprodnetive and involves one or two ronnds of the 
eoordinated eontraetion of the diaphragm, the anterior 
abdominal wall mnseles, and the mnseles of inspiration. In 


the expulsive phase a deep breath is taken and the larynx is 
raised to elose the inlet; the nasopharynx is also elosed by the 
raising of the soft palate. This is quiekly followed by the mas- 
sive eoordinated eontraetion of the diaphragm and abdomi- 
nal mnseles exerting intense squeezing pressnre on the 
stomaeh. Snddenly the gastroesophageal sphineter relaxes 
and the stomaeh eontents are ejeeted throngh the esopha- 
gns and the month. The aet of vomiting nsnally makes the 
patient feel better, bnt it may be repeated if the irritant has 
not been expelled or the drng aetion persists. 

Trauma to the Stomaeh 

Apart from its attaehment to the esophagns at the eardiae 
orifiee and its eontinnity with the dnodennm at the 
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pyloms, the stomaeh is relatively mobile. It is proteeted on 
the left by the lower part of the rib eage. These faetors 
greatly proteet the stomaeh from blnnt tranma to the 
abdomen. However, its large size makes it vnlnerable to 
gnnshot wounds. 

Gastrie (Jleer 

The mneons membrane of the body of the stomaeh and, to 
a lesser extent, that of the fnndns prodnee aeid and pepsin. 
The seeretion of the antrnm and pylorie eanal is mneons 
and weakly alkaline (CD Fig. 19-20). The seeretion of aeid 
and pepsin is eontrolled by two meehanisms: nervons and 
hormonal. The vagns nerves are responsible for the nervons 
eontrol, and the hormone gastrin, prodneed by the antral 
mneosa, is responsible for the hormonal eontrol. In the 
snrgieal treatment of ehronie gastrie and dnodenal nleers, 
attempts are made to rednee the amonnt of aeid seeretion by 
seetioning the vagns nerves (vagotomy) and by removing 
the gastrin-bearing area of mneosa, the antrnm (partial 
gastreetomy). 

Gastrie nleers oeenr in the alkaline-prodneing mneosa 
of the stomaeh, nsnally on or elose to the lesser enrvatnre. 
A ehronie nleer invades the mnsenlar eoats and, in time, 
involves the peritonenm so that the stomaeh adheres to 
neighboring strnetnres. An nleer sitnated on the posterior 
wall of the stomaeh may perforate into the lesser sae or be- 
eome adherent to the panereas. Erosion of the panereas 
prodnees pain referred to the baek. The splenie artery rnns 
along the npper border of the panereas, and erosion of this 
artery may prodnee fatal hemorrhage. A penetrating nleer 
of the anterior stomaeh wall may resnlt in the eseape of 
stomaeh eontents into the greater sae, prodneing diffnse 
peritonitis. The anterior stomaeh wall may, however, ad- 
here to the liver, and the ehronie nleer may penetrate the 
liver snbstanee. 



CD Figure 19-20 Areas of the stomaeh that prodoee aeid 
and pepsin (stippleefj and alkali and gastrin (diagonal lines). 


Gastrie Pain 

The sensation of pain in the stomaeh is eansed by the streteh- 
ing or spasmodie eontraetion of the smooth mnsele in its walls 
and is referred to the epigastrinm. It is believed that the pain- 
transmitting fibers leave the stomaeh in eompany with the 
sympathetie nerves. They pass throngh the eeliae ganglia and 
reaeh the spinal eord via the greater splanehnie nerves. 

Ganeer of the Stomaeh 

Beeanse the lymphatie vessels of the mneons membrane 
and snbmneosa of the stomaeh are in eontinnity, it is possi- 
ble for eaneer eells to travel to different parts of the stomaeh, 
some distanee away from the primary site. Ganeer eells also 
often pass throngh or bypass the loeal lymph nodes and are 
held up in the regional nodes. For these reasons, malignant 
disease of the stomaeh is treated by total gastreetomy, whieh 
inelndes the removal of the lower end of the esophagns and 
the first part of the dnodennm; the spleen and the gastros- 
plenie and splenieorenal ligaments and their assoeiated 
lymph nodes; the splenie vessels; the tail and body of the 
panereas and their assoeiated nodes; the nodes along 
the lesser enrvatnre of the stomaeh; and the nodes along the 
greater enrvatnre, along with the greater omentnm. This 
radieal operation is a desperate attempt to remove the stom- 
aeh en bloe and, with it, its lymphatie field. The eontinnity 
of the gnt is restored by anastomosing the esophagns with 
the jejnnnm. 

Gastroseopy 

Gastroseopy is the viewing of the mneons membrane of the 
stomaeh throngh an illnminated tnbe fitted with a lens 
system. The patient is anesthetized and the gastroseope is 
passed into the stomaeh, whieh is then inflated with air. 
With a flexible fiberoptie instrnmenF direet visnalization of 
different parts of the gastrie mneons membrane is possible. 
It is also possible to perform a mneosal biopsy throngh a 
gastroseope. 

Nasogastrie lntubation 

Nasogastrie intnbation is a eommon proeednre and is per- 
formed to empty the stomaeh, to deeompress the stomaeh in 
eases of intestinal obstrnetion, or before operations on the 
gastrointestinal traet; it may also be performed to obtain a 
sample of gastrie jniee for bioehemieal analysis. 

1. The patient is plaeed in the seminpright position or left 
lateral position to avoid aspiration. 

2. The well-lubrieated tnbe is inserted throngh the wider 
nostril and is direeted baekward along the nasal floor. 

3. Onee the tnbe has passed the soft palate and entered 
the oral pharynx, deereased resistanee is felh and the 
eonseions patient will feel like gagging. 
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4. Some important distanees in the adnlt may be nsefnl. 
From the nostril (external nares) to the eardiae 
orifiee of the stomaeh is abont 17.2 in. (44 em), and 
from the eardiae orifiee to the pylorns of the stomaeh is 
4.8 to 5.6 in. (12 to 14 em). The enrved eonrse taken by 
the tnbe from the eardiae orifiee to the pylorns is 

nsnally longer, 6.0 to 10.0 in. (15 to 25 em) (see CD 
Fig. 19-19). 

Anatomie Structures that May Impede the 
Passage of the Nasogastrie Tube 

■ Deviated nasal septnm, making the passage of the tnbe 
diffienlt on the narrower side 

■ Three sites of esophageal narrowing may offer resistanee 
to the nasogastrie tnbe —at the beginning of the esopha- 
gns behind the erieoid eartilage (7.2 in.; 18 em), where 
the left bronehns and the areh of the aorta eross the front 
of the esophagns (11.2 in.; 28 em), and where the esoph- 
agns enters the stomaeh (17.2 in.; 44 em). The npper 
esophageal narrowing may be overeome by gently grasp- 
ing the wings of the thyroid eartilage and pnlling the 
larynx forward. This manenver opens the normally 
eollapsed esophagns and permits the tnbe to pass down 
without fnrther delay. 

Anatomy of Complications 

■ The nasogastrie tnbe enters the larynx instead of the 
esophagns. 

■ Rongh insertion of the tnbe into the nose will eanse nasal 
bleeding from the mneons membrane. 

■ Penetration of the wall of the esophagns or stomaeh. 

Always aspirate tube for gastrie eontents to eonfirm 
successful entranee into stomaeh. 

Dmdenmn 

Trauma to the Duodenum 

Apart from the first ineh, the dnodennm is rigidly fixed to 
the posterior abdominal wall by peritonenm and therefore 
eannot move away from ernsh injnries. In severe ernsh 
injnries to the anterior abdominal wall, the third part of the 
dnodennm may be severely ernshed or torn against the third 
Inmbar vertebra. 

Duodenal Llleer 

As the stomaeh empties its eontents into the dnodennm, the 
aeid ehyme is squirted against the anterolateral wall of 
the first part of the dnodennm. This is thonght to be an 
important faetor in the prodnetion of a dnodenal nleer at 
this site. An nleer of the anterior wall of the first ineh of the 
dnodennm may perforate into the npper part of the greater 
sae, above the transverse eolon. The transverse eolon direets 


the eseaping flnid into the right lateral paraeolie gntter and 
thns down to the right iliae fossa. The differential diagnosis 
between a perforated dnodenal nleer and a perforated 
appendix may be diffienlt. 

An nleer of the posterior wall of the first part of the 
dnodennm may penetrate the wall and erode the relatively 
large gastrodnodenal artery, eansing a severe hemorrhage. 

The gastrodnodenal artery is a braneh of the hepatie 
artery, a braneh of the eeliae trnnk (see text Fig. 19-38). 

Duodenal Reeesses 

The importanee of the dnodenal reeesses and the oeenr- 
renee of herniae of the intestine were already allnded to in 
this ehapter. 

Important Duodenal Relations 

The relation to the dnodennm of the gallbladder, the trans- 
verse eolon, and the right kidney shonld be remembered. 
Gases have been reported in whieh a large gallstone 
nleerated throngh the gallbladder wall into the dnodennm. 
Operations on the eolon and right kidney have resnlted in 
damage to the dnodennm. 

Jeiunuin and Ilenm 

Trauma to the Jejunum and lleum 

Beeanse of its extent and position, the small intestine is 
eommonly damaged by tranma. The extreme mobility and 
elastieity permit the eoils to move freely over one another in 
instanees of blnnt tranma. Small, penetrating injnries may 
self-seal as a resnlt of the mneosa plngging up the hole and the 
eontraetion of the smooth mnsele wall. Material from large 
wounds leaks freely into the peritoneal eavity. The presenee 
of the vertebral eolnmn and the prominent anterior margin of 
the first saeral vertebra may provide a firm baekgronnd for 
intestinal ernshing in eases of midline ernsh injnries. 

Small-bowel eontents have nearly a nentral pH and 
prodnee only slight ehemieal irritation to the peritonenm. 

Reeognition of the Jejunum and lleum 

A physieian shonld be able to distingnish between the large 
and small intestine. He or she may be ealled on to examine 
a ease of postoperative bnrst abdomen, where eoils of gnt are 
lying free in the bed. The maeroseopie differenees are de- 
seribed on text page 738. 

Tumors and Gysts of the Mesentery of 
the Small Intestine 

The line of attaehment of the small intestine to the posterior 
abdominal wall shonld be remembered. It extends from a 
point jnst to the left of the midline abont 2 in. (5 em) below 
the transpylorie plane (Ll) downward to the right iliae fossa. 
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A tumor or eyst of the mesentery, when palpated throngh 
the anterior abdominal wall, is more mobile in a direetion 
at right angles to the line of attaehment than along the line 
of attaehment. 

Pain Fibers from the Jejunum 
and lleum 

Pain fibers traverse the snperior mesenterie sympathetie 
plexus and pass to the spinal eord via the splanehnie nerves. 
Referred pain from this segment of the gastrointestinal traet 
is felt in the dermatomes snpplied by the ninth, tenth, and 
eleventh thoraeie nerves. Strangnlation of a eoil of small 
intestine in an ingninal hernia first gives rise to pain in the 
region of the nmbiliens. Only later, when the parietal 
peritonenm of the hernial sae beeomes inflamed, does the 
pain beeome more intense and loealized to the ingninal 
region (see Abdominal Pain). 

Mesenterie Arterial Occlusion 

The snperior mesenterie artery, a braneh of the abdominal 
aorta, snpplies an extensive territory of the gnt, from halfway 
down the seeond part of the dnodennm to the left eolie 
flexure. Oeelnsion of the artery or one of its branehes resnlts 
in death of all or part of this segment of the gnt. The oeeln- 
sion may oeenr as the resnlt of an embolns, a thrombns, an 
aortie disseetion, or an abdominal anenrysm. 

Mesenterie Vein Thrombosis 

The snperior mesenterie vein, whieh drains the same area of 
the gnt snpplied by the snperior mesenterie artery, may 
nndergo thrombosis after stasis of the venons bed. Girrhosis 
of the liver with portal hypertension may predispose to this 
eondition. 

AppBndix 

Variability of Position of the Appendix 

The ineonstaney of the position of the appendk shonld be 
borne in mind when attempting to diagnose appendieitis. 
A retroeeeal appendix, for example, may lie behind a 
eeenm distended with gas, and thns it may be diffienlt to 
elieit tenderness on palpation in the right iliae region. 
Irritation of the psoas mnsele, eonversely, may eanse the 
patient to keep the right hip joint flexed. 

Pelvie Appendix 

An appendix hanging down in the pelvis may resnlt in 
absent abdominal tenderness in the right lower quadrant, 
bnt deep tenderness may be experieneed jnst above the 
symphysis pnbis. Reetal or vaginal examination may reveal 
tenderness of the peritonenm in the pelvis on the right side. 


Predisposition of the Appendix 
to infeetion 

The following faetors eontribnte to the appendix's predilee- 
tion to infeetion: 

■ It is a long, narrow, blind-ended tnbe, whieh eneonrages 
stasis of large-bowel eontents. 

■ It has a large amonnt of lymphoid tissne in its wall. 

■ The Inmen has a tendeney to beeome obstrneted by 
hardened intestinal eontents (enteroliths), whieh leads to 
further stagnation of its eontents. 

Predisposition of the Appendix 
to Perforation 

The appendix is snpplied by a long small artery that does not 
anastomose with other arteries. The blind end of the appen- 
dix is snpplied by the terminal branehes of the appendienlar 
artery. Inflammatory edema of the appendienlar wall eom- 
presses the blood snpply to the appendix and often leads to 
thrombosis of the appendienlar artery. These eonditions 
eommonly resnlt in neerosis or gangrene of the appendien- 
lar wall, with perforation. 

Perforation of the appendix or transmigration of baete- 
ria throngh the inflamed appendienlar wall resnlts in infee- 
tion of the peritonenm of the greater sae. The part that the 
greater omentnm may play in arresting the spread of the 
peritoneal infeetion is deseribed on CD page 329. 

Pain of Appendieitis 

Viseeral pain in the appendix is prodneed by distention of its 
Inmen or spasm of its mnsele. The afferent pain fibers enter 
the spinal eord at the level of the tenth thoraeie segment, 
and a vagne referred pain is felt in the region of the 
nmbiliens. Later, the pain shifts to where the inflamed 
appendix irritates the parietal peritonenm. Here the pain is 
preeise, severe, and loealized. 

eolan and eeenm 

Golonoseopy 

Sinee eoloreetal eaneer is a leading eanse of death in the 
Western world, eolonoseopy is now being extensively nsed 
for early deteetion of malignant tnmors. In this proeednre, 
the mneons membrane of the eolon ean be direetly visnal- 
ized throngh an elongated flexible tnbe, or endoseope. 
Following a thorongh washing ont of the large bowel, the 
patient is sedated, and the tnbe is gently inserted into the 
anal eanal. The interior of the large bowel ean be observed 
from the anns to the eeenm (CD Fig. 19-21). Photographs 
of snspieions areas, sneh as polyps, ean be taken and biopsy 
speeimens ean be removed for pathologie examination. 
Althongh a relatively expensive proeednre, it provides a 
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CD Figure 19-21 Serìes of the interior of the large bovvel taken during a eolonoseopy 
procedure. A. The reetal nnucosa shovvs a snnall benign polyp (arrovvheaeff. B. The signnoid 
nnucous nnennbrane shovvs evidenee of a mild diverticulosis. Arrovvheads indieate the en- 
tranees into the mucosal pouches. C. The splenie flexure is normal. Note the light refleetions 
from the drops of mucus on the mucous membrane. D. The transverse eolon shovvs the 
eharaeteristie normal folds or ridges (arrovvheads) betvveen the sacculations of the vvall of 
the eolon. E. The ileoeeeal valve shovvs the upper lip (arrovvheads) of the valve, vvhieh has 
a normal appearanee. F. Finally, the mucous membrane lining the inferior vvall or floor of 
the cecum looks normal. (Courtesy of M.H. Brand.) 
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more eomplete sereening examination for eoloreetal eaneer 
than eombined feeal oeenlt blood testing and the examina- 
tion of the distal eolon with sigmoidoseopy. 

Trauma of the Cecum and Golon 

Blnnt or penetrating injnries to the eolon oeenr. Blnnt 
injnries most eommonly oeenr where mobile parts of the 
eolon (transverse and sigmoid) join the fixed parts (aseend- 
ing and deseending). 

Penetrating injnries following stab wounds are eommon. 
The mnltiple anatomie relationships of the different parts of 
the eolon explain why isolated eolonie tranma is nnnsnal. 

Ganeer of the Large Bowel 

Ganeer of the large bowel is relatively eommon in persons 
older than 50 years. The growth is restrieted to the bowel 
wall for a eonsiderable time before it spreads via the 
lymphaties. Bloodstream spread via the portal eirenlation to 
the liver oeenrs late. If a diagnosis is made early and a partial 
eoleetomy is performed, aeeompanied by removal of the 
lymph vessels and lymph nodes draining the area, then a 
enre ean be antieipated. 

Diverticulosis 

Divertienlosis of the eolon is a eommon elinieal eondition. 
It eonsists of a herniation of the lining mneosa throngh the 
eirenlar mnsele between the teniae eoli and oeenrs at points 
where the eirenlar mnsele is weakest—that is, where the 
blood vessels pieree the mnsele (CD Fig. 19-22). The eom- 
mon site for herniation is shown in CD Fig. 19-22. 


eeeostomy and Golostomy 

Beeanse of the anatomie mobility of the eeenm, transverse 
eolon, and sigmoid eolon, they may be bronght to the 
snrfaee throngh a small opening in the anterior abdominal 
wall. If the eeenm or transverse eolon is then opened, 
the bowel eontents may be allowed to drain by this 
ronte. These proeednres are referred to as eeeostomy or 
eolostomy, respeetively, and are nsed to relieve large-bowel 
obstrnetions. 

Volvulus 

Beeanse of its extreme mobility^ the sigmoid eolon some- 
times rotates aronnd its mesentery. This may eorreet itself 
spontaneonsly or the rotation may eontinne nntil the blood 
snpply of the gnt is ent off eompletely. 

lntussusception 

Intnssnseeption is the teleseoping of a proximal segment of 
the bowel into the Inmen of an adjoining distal segment. 
Needless to say, there is a grave risk of entting off the blood 
snpply to the gnt and developing gangrene. It is eommon in 
ehildren. Ileoeolie, eoloeolie, and ileoileal forms do oeenr, 
bnt ileoeolie is the most eommon. 

The high ineidenee in ehildren may be eansed by the 
relatively large size of the large bowel eompared with 
the small intestine at this time of life. Another faetor may be 
the possible swelhng of PeyeFs patehes seeondary to infee- 
tion. In the latter ease, the swollen pateh protrndes into the 
Inmen and violent peristalsis of the ileal wall tries to pass it 
distally along the gnt Inmen. 



B 


CD Fìgure 19-22 Blood supply to the 
eolon (A) and formation of the diverticu- 
lum (B). Note the passage of the mucosal 
diverticulum through the muscle eoat 
along the course of the artery. 


A 
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Sigmoid CDlon 

Variation in the Length and Loeation 
of the Sigmoid Golon 

The sigmoid eolon shows great variation in length and may 
measnre as mneh as 36 in. (91 em). In the yonng ehild, 
beeanse the pelvis is small, this segment of the eolon may lie 
mainly in the abdomen. 

Ganeer of the Sigmoid Golon 

The sigmoid eolon is a eommon site for eaneer of the large 
bowel. Beeanse the lymphatie vessels of this segment of the 
eolon drain nltimately into the inferior mesenterie nodes^ it 
follows that an extensive reseetion of the gnt and its assoeiated 
lymphatie field is neeessary to extirpate the growth and its lo- 
eal lymphatie metastases. The eolon is removed from the left 
eolie flexure to the distal end of the sigmoid eolon, and the 
transverse eolon is anastomosed to the reetnm. 


Volvulus 

Beeanse of its extreme mobility^ the sigmoid eolon some- 
times rotates aronnd its mesentery. This may eorreet itself 
spontaneonsly, or the rotation may eontinne nntil the blood 
snpply of the gnt is ent off eompletely. The rotation eom- 
monly oeenrs in a eountereloekwise direetion and is 
referred to as volvnlns. 


Divertìcula 

Divertienla of the mneons membrane along the eonrse of 
the arteries snpplying the sigmoid eolon is a eommon elini- 
eal eondition and is deseribed on page 338. In patients with 
divertienlitis or nleerative eolitis, the sigmoid eolon may 
beeome adherent to the bladder, reetnm, ilenm, or nreter 
and prodnee an internal fistnla. 


Sigmoìdoseopy 

Beeanse the sigmoid eolon lies only a short distanee from 
the anns (6.5 in. [17 em]) it is possible to examine the 
mneons membrane nnder direet vision for pathologie 
eonditions. A flexible tnbe fitted with lenses and illnminated 
internally is introdneed throngh the anns and earefnlly 
passed up throngh the anal eanal, reetnm, sigmoid eolon, 
and deseending eolon. This examination, ealled sigmoi- 
doseopy, ean be earried ont without an anesthetie in an ont- 
patient elinie. Biopsy speeimens of the mneons membrane 
ean be obtained throngh this instrnment. 


Anatomie Faets Relative to Sigmoidoseopy 

■ The patient is plaeed in the left lateral position with 
the left knee flexed and the right knee extended (CD 
Fig. 19-23). Alternatively, the patient is plaeed kneeling 

in the knee-ehest position. 








The sigmoidoseope is gently inserted into the anns and 
anal eanal in the direetion of the nmbiliens to ensnre that 
the instrnment passes along the long axis of the eanal. 
Gentle bnt firm pressnre is applied to overeome the re- 
sistanee of the anal sphineters (see text Fig. 19-68). 

After a distanee of abont 1.5 in. (4 em), the instrnment 
enters the ampnlla of the reetnm. At this poinh the tip of 
the sigmoidoseope shonld be direeted posteriorly in the 
midline to follow the saeral enrve of the reetnm (see CD 

Fig. 19-23). 

Slow advaneement is made nnder direet vision. Some 
slight side-to-side movement may be neeessary to bypass 

the transverse reetal folds. 

At approximately 6.5 in. (16.25 em) from the anal mar- 
gin, the reetosigmoid jnnetion will be reaehed. The sig- 
moid eolon here bends forward and to the leffl and the 
Inmen appears to end in a blind eul-de-sae. To negotiate 
this angnlation, the tip of the sigmoidoseope mnst be 
direeted anteriorly and to the patienfls left side. This 
manenver ean eanse some diseomfort in the anal eanal 
from distortion of the anal sphineters by the shaft of the 
sigmoidoseope. Another possibility is that the point of 
the instrnment may streteh the wall of the eolon^ giving 
rise to eolieky pain in the lower abdomen. 

Onee the instrnment has entered the sigmoid eolon, it 
shonld be possible to pass it smoothly along its fnll extent 
and, nsing the fnll length of the sigmoidoseope, enter the 
deseending eolon. 

The sigmoidoseope may now be slowly withdrawn, eare- 
fnlly inspeeting the mneons membrane. The normal 
reetal and eolonie mneons membrane is smooth and 
glistening and pale pink with an orange tinge, and blood 
vessels in the snbmneosa ean be elearly seen. The mu- 
eons membrane is snpple and moves easily over the end 
of the sigmoidoseope. 


Anatomy of Complications 
of Sigmoidoseopy 

Perforation of the bowel at the reetosigmoid jnnetion ean 

oeenr. This is almost invariably eansed by the operator fail- 
ing to negotiate earefnlly the enrve between the reetnm and 
the sigmoid eolon. In some patients^ the enrve is in the form 
of an aente angnlation, whieh may frnstrate the overzealons 
advaneement of the sigmoidoseope. Perforation of the sig- 
moid eolon resnlts in the eseape of eolonie eontents into the 
peritoneal eavity. 


eolostomy 

The sigmoid eolon is often seleeted as a site for performing 
a eolostomy in patients with eareinoma of the reetnm. Its 
mobility allows the snrgeon to bring ont a loop of eolon, 
with its blood snpply intaefl throngh a small ineision in the 
left iliae region of the anterior abdominal wall. Its mobility 
also makes it snitable for implantation of the nreters after 
snrgieal removal of the bladder. 
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CD Fìgure 19-23 Sigmoidoseopy. A. Patient in the left lateral position with the left knee 
flexed and the right knee extended. B. Sagittal seetion of the male pelvis showing the 
positions (7, 2, and 3) of the tube of the sigmoidoseope relative to the patient as it aseends 
the anal eanal and rectum. The area of diseomfort or pain experienced by the patient as the 
tube is negotiated around the bend into the sigmoid eolon is referred to the skin of the 
anterior abdominal wall below the umbilicus. 


Hectuni 

Reetal Curves and Mucosal Folds 

The anteroposterior flexure of the reetnm, as it follows the 
enrvatnre of the saernm and eoeeyx, and the lateral flexures 
mnst be remembered when one is passing a sigmoidoseope 
to avoid eansing the patient nnneeessary diseomfort. 

The ereseentie transverse mneosal folds of the reetnm 
mnst also be borne in mind when passing an instrnment 
into the reetnm. It is thonght that these folds serve to snpport 
the weight of the feees and to prevent exeessive distension of 
the reetal ampnlla. 

Blood Supply and Internal 
Hemorrhoids 

The ehief arterial snpply to the reetnm is from the snperior 
reetal artery, a eontinnation of the inferior mesenterie artery. 
In front of the third saeral vertebra, the artery divides into 
right and left branehes. Halfway down the reetnm, the right 


braneh divides into an anterior and a posterior braneh. The 
tribntaries of the snperior reetal vein are arranged in a simi- 
lar manner, so that it is not snrprising to find that internal he- 
morrhoids are arranged in three gronps (see CD p. 341): two 
on the right side of the lower reetnm and anal eanal and one 
on the left. 

Partial and Gomplete Prolapse of 
the Rectum 

Partial and eomplete prolapses of the reetnm throngh the 
anns are relatively eommon elinieal eonditions. In partial 
prolapse, the reetal mneons membrane and snbmneons 
eoat protrnde for a short distanee ontside the anns (CD Fig. 
19-24). In eomplete prolapse, the whole thiekness of the 
reetal wall protrndes throngh the anns. In both eonditions, 
many eansative faetors may be involved. However, damage 
to the levatores ani mnseles as the resnlt of ehildbirth and 
poor mnsele tone in the aged are important eontribnting 
faetors. A eomplete reetal prolapse may be regarded as a 
sliding hernia throngh the pelvie diaphragm. 
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CD Figure 19-24 Goronal seetion of the reetonn and anal 
eanal. A. ineonnplete reetal (nnoeosal) prolapse. B. Gonnplete 
reetal prolapse. 


Ganeer of the Rectum 

Ganeer (eareinoma) of the reetnm is a eommon elinieal 
finding that remains loealized to the reetal wall for a 
eonsiderable time. At firsh it tends to spread loeally in the 
lymphaties aronnd the eirenmferenee of the bowel. Later, it 
spreads upward and laterally along the lymph vessels, 
following the snperior reetal and middle reetal arteries. 
Venons spread oeenrs late, and beeanse the snperior reetal 
vein is a tribntary of the portal vein, the liver is a eommon 
site for seeondary deposits. 

Onee the malignant tnmor has extended beyond the 
eonfines of the reetal wall, knowledge of the anatomie rela- 
tions of the reetnm will enable a physieian to assess the 
strnetnres and organs likely to be involved. In both sexes, 
a posterior penetration involves the saeral plexus and 
ean eanse severe intraetable pain down the leg in the distri- 
bntion of the seiatie nerve. A lateral penetration may 


involve the nreter. An anterior penetration in the male may 
involve the prostate, seminal vesieles, or bladder; in the 
female, the vagina and nterns may be invaded. 

It is elear from the anatomie featnres of the reetnm and 
its lymph drainage that a wide reseetion of the reetnm with 
its lymphatie field offers the best ehanee of enre. When the 
tnmor has spread to eontignons organs and is of a low 
grade of malignaney, some form of pelvie eviseeration may 
be jnstifiable. 

It is most important for a medieal stndent to remember 
that the interior of the lower part of the reetnm ean be exam- 
ined by a gloved index finger introdneed throngh the anal 
eanal. The anal eanal is abont 1.5 in. (4 em) long so that the 
pnlp of the index finger ean easily feel the mneons membrane 
lining the lower end of the reetnm. Most eaneers of the ree- 
tnm ean be diagnosed by this means. This examination ean 
be extended in both sexes by plaeing the other hand on the 
lower part of the anterior abdominal wall. With the bladder 
empty, the anterior reetal wall ean be examined bimannally. 
In the female, the plaeing of one finger in the vagina and an- 
other in the reetnm may enable the physieian to make a thor- 
ongh examination of the lower part of the anterior reetal wall. 

Reetal lnjuries 

The management of penetrating reetal injnries will be de- 
termined by the site of penetration relative to the peritoneal 
eovering. The npper third of the reetnm is eovered on the 
anterior and lateral snrfaees by peritonenm, the middle 
third is eovered only on its anterior snrfaee, and the lower 
third is devoid of a peritoneal eovering (CD Fig. 19-25). The 
treatment of penetration of the intraperitoneal portion of the 
reetnm is identieal to that of the eolon, beeanse the peri- 
toneal eavity has been violated. In the ease of penetration of 
the extraperitoneal portion, the reetnm is treated by divert- 
ing the feees throngh a temporary abdominal eolostomy, 
administering antibioties, and repairing and draining the 
tissne in front of the saernm. 

Anal Canal 

Internal Hemorrhoids (Piles) 

Internal hemorrhoids are varieosities of the tribntaries of the 
snperior reetal (hemorrhoidal) vein and are eovered by 
mneons membranes (CD Fig. 19-26). The tribntaries of the 
vein, whieh lie in the anal eolnmns at the 3, 7, and II o'- 
eloek positions when the patient is viewed in the lithotomy 
position, are partienlarly liable to beeome varieosed. 
Anatomieally, a hemorrhoid is therefore a fold of mneons 


The patient is in the snpine position with both hip joints flexed 
and abdneted; the feet are held in position by stirrnps. The position 
is eommonly nsed for pelvie examinations of the female. 
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CD Figure 19-25 Sagittal seetion of the fennale pelvis 


membrane and snbmneosa eontaining a varieosed tribntary 
of the snperior reetal vein and a terminal braneh of the su- 
perior reetal artery. Internal hemorrhoids are initially eon- 
tained within the anal eanal (first degree). As they enlarge, 
they extrude from the eanal on defeeation bnt retnrn at the 
end of the aet (seeond degree). With fnrther elongation, 
they prolapse on defeeation and remain ontside the anns 
(third degree). 

Beeanse internal hemorrhoids oeenr in the npper half 
of the anal eanal, where the mneons membrane is inner- 
vated by antonomie afferent nerves, they are painless and 
are sensitive only to streteh. This may explain why large in- 
ternal hemorrhoids give rise to an aehing sensation rather 
than aente pain. 

The eanses of internal hemorrhoids are many. They fre- 
quently oeenr in members of the same family^ whieh sng- 
gests a eongenital weakness of the vein walls. Varieose veins 
of the legs and hemorrhoids often go together. The snperior 
reetal vein is the most dependent part of the portal eirenla- 
tion and is valveless. The weight of the eolnmn of venons 
blood is thns greatest in the veins in the npper half of the 
anal eanal. Here, the loose eonneetive tissne of the snbmn- 
eosa gives little snpport to the walls of the veins. Moreover, 
the venons retnrn is interrnpted by the eontraetion of the 


mnsenlar eoat of the reetal wall dnring defeeation. Ghronie 
eonstipation, assoeiated with prolonged straining at stool, is 
a eommon predisposing faetor. Pregnaney hemorrhoids are 
eommon owing to pressnre on the snperior reetal veins by 
the gravid nterns. Portal hypertension as a resnlt of eirrhosis 
of the liver ean also eanse hemorrhoids. The possibility that 
eaneerons tnmors of the reetnm are bloeking the snperior 
reetal vein mnst never be overlooked. 

External Hemorrhoids 

External hemorrhoids are varieosities of the tribntaries of 
the inferior reetal (hemorrhoidal) vein as they rnn laterally 
from the anal margin. They are eovered by skin (see 
CD Fig. 19-26) and are eommonly assoeiated with well- 
established internal hemorrhoids. 

External hemorrhoids are eovered by the mneons 
membrane of the lower half of the anal eanal or the skin^ 
and they are innervated by the inferior reetal nerves. They 
are sensitive to pain, temperatnre, toneh, and pressnre, 
whieh explains why external hemorrhoids tend to be 
painfnl. Thrombosis of an external hemorrhoid is eommon. 
Its eanse is unknown, althongh eonghing or straining may 
prodnee distension of the hemorrhoid followed by stasis. 
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CD Figure 19-26 A. Nornnal tributary of the superior reetal vein vvithin the anal colunnn. 
B. Varieosed tributary of the superior reetal vein fornning the internal hennorrhoid. Dotted 
lines indieate degrees of severity of eondition. C. Positions of three internal hennorrhoids as 
seen through a proetoseope with the patient in the lithotonny position. 


The presenee of a small, aentely tender swelling at the anal 
margin is immediately reeognized by the patient. 

Perìanal Hematoma 

A perianal hematoma is a small eolleetion of blood beneath 
the perianal skin (see CD Fig. 19-26). It is eansed by a 

rnptnre of a small snbentaneons vein, possibly an external 
hemorrhoid, and is extremely painfnl. 


Anal Fissnre 

The lower ends of the anal eolnmns are eonneeted by 
small folds ealled anal valves (CD Fig. 19-26A). In people 
snffering from ehronie eonstipation, the anal valves may be 
torn down to the anns as the resnlt of the edge of the feeal 
mass eatehing on the fold of mneons membrane. The 
elongated nleer so formed, known as an anal fissnre (CD 
Fig. 19-27), is extremely painfnl. The fissnre oeenrs most 
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CD Figure 19-27 A. Tearing down- 
ward of the anal valve to form an anal 
fissore. B. Gommon loeations of peri- 
anal abseesses. C. Gommon positions 
of perianal fistolae. 


eommonly in the midline posteriorly or^ less eommonly^ 
anteriorly, and this may be eansed by the laek of snpport 
provided by the snperfieial part of the external sphineter 
in these areas. (The snperfieial part of the external sphine- 
ter does not eneirele the anal eanal, bnt sweeps past its 
lateral sides.) 


The site of the anal fissnre in the sensitive lower half of 
the anal eanal, whieh is innervated by the inferior 
reetal nerve, resnlts in reflex spasm of the external anal 
sphineter, aggravating the eondition. Beeanse of the intense 
pain, anal fissnres may have to be examined nnder loeal 
anesthesia. 
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Perianal Abseesses 

Perianal abseesses are prodneed by feeal tranma to the anal 
mneosa (see CD Fig. 19-27). Infeetion may gain entranee to 
the snbmneosa throngh a small mneosal lesion, or the ab- 
seess may eomplieate an anal fissnre or the infeetion of an 
anal mneosal gland. The abseess may be loealized to the 
snbmneosa (snbmneons abseess), may oeenr beneath the 
perianal skin (snbentaneons abseess), or may oeenpy the is- 
ehioreetal fossa (isehioreetal abseess). Large isehioreetal ab- 
seesses sometimes extend posteriorly aronnd the side of the 
anal eanal to invade the isehioreetal fossa of the opposite 
side (horseshoe abseess). An abseess may be fonnd in the 
spaee between the ampnlla of the reetnm and the npper snr- 
faee of the levator ani (pelvireetal abseess). Anatomieally, 
these abseesses are elosely related to the different parts of the 
external sphineter and levator ani mnseles, as seen in CD 

Fig. 19-27. 

Anal fistnlae develop as the resnlt of spread or inade- 
quate treatment of anal abseesses. The fistnla opens at one 
end at the Inmen of the anal eanal or lower reetnm and at 
the other end on the skin snrfaee elose to the anns (see CD 
Fig. 19-27). If the abseess opens onto only one snrfaee, it is 
known as a sinns, not a fistnla. The high-level fistnlae are 
rare and rnn from the reetnm to the perianal skin. They are 
loeated above the anoreetal ring; as a resnlp feeal material 
eonstantly soils the elothes. The low-level fistnlae oeenr 
below the level of the anoreetal ring, as shown in CD 

Fig. 19-27. 

The most important part of the sphineterie meehanism 
of the anal eanal is the anoreetal ring. It eonsists of the deep 
part of the external sphineter, the internal sphineter, and the 
pnboreetalis part of the levator ani. Snrgieal operations on 
the anal eanal that resnlt in damage to the anoreetal ring 
will prodnee feeal ineontinenee. 

Removal of Anoreetal Foreign Bodies 

Normally, the anal eanal is kept elosed by the tone of the 
internal and external anal sphineters and the tone of the 
pnboreetalis part of the levator ani mnseles. The reetal 
eontents are snpported by the levator ani mnseles, possibly 
assisted by the transverse reetal mneosal folds. For these 
reasons, the removal of a large foreign body, sneh as a vase 
or eleetrie light bnlb^ from the reetnm may be a formida- 
ble problem. 

The following proeednre is nsnally sneeessfnl: 

1. The foreign body mnst first be fixed so that the sphine- 
terie tone, together with external attempts to grab the 
objeet, do not displaee the objeet farther up the 
reetnm. 

2. Large, irregnlar, or fragile foreign bodies may not be re- 
moved so easily, and it may be neeessary to paralyze the 
anal sphineter by giving the patient a general anesthetie 
or by performing an anal sphineter nerve bloek. 


Anal Sphineter Nerve Bloek and 
Anesthetizing the Perianal Skin 

By bloeking the branehes of the inferior reetal nerve and 
the perineal braneh of the fonrth saeral nerve, the anal 
sphineters will be relaxed and the perianal skin anes- 
thetized. 

The proeednre is as follows: 

1. An intradermal wheal is prodneed by injeeting a small 
amonnt of anesthetie solntion behind the anns in the 
midline. 

2. A gloved index finger is inserted into the anal eanal to 
serve as a gnide. 

3. A long needle attaehed to a syringe filled with 
anesthetie solntion is inserted throngh the enta- 
neons wheal into the sphineter mnseles along the 
posterior and lateral snrfaees of the anal eanal. The 
proeednre is repeated on the opposite side. The pnr- 
pose of the finger in the anal eanal is to gnide the 
needle and to prevent penetration of the anal mneons 
membrane. 

ineontinenee Assoeiated with 
Reetal Prolapse 

Feeal ineontinenee ean aeeompany severe reetal prolapse 
of long dnration. It is thonght that the prolonged and 
exeessive stretehing of the anal sphineters is the eanse of 
the eondition. The eondition ean be treated by restoring 
the anoreetal angle by tightening the pnboreetalis part of the 
levator ani mnseles and the external anal sphineters behind 
the anoreetal jnnetion. 

ineontinenee after Trauma 

Tranma, sneh as ehildbirth, or damage to the sphineters 
dnring snrgery or perianal abseesses or fistnlae ean be 
responsible for ineontinenee after tranma. 

ineontinenee after Spinal Cord lnjury 

After severe spinal eord injnries, the patient is not aware 
of reetal distension. Moreover, the parasympathetie 
inflnenee on the peristaltie aetivity of the deseending 
eolon, sigmoid eolon, and reetnm is lost. In addition, 
eontrol over the abdominal mnsenlatnre and sphineters 
of the anal eanal may be severely impaired. The reetnm, 
now an isolated strnetnre, responds by eontraeting 
when the pressnre within its Inmen rises. This loeal re- 
flex response is mneh more effieient if the saeral segments 
of the spinal eord are spared. At best, however, the foree 
of the eontraetions of the reetal wall is small, and 
eonstipation and impaetion of feees are the nsnal 
onteome. 
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Reetal Examination 

The following stmetnres ean be palpated by the gloved in- 
dex finger inserted into the anal eanal and reetnm in the 
normal patient. 

Anteriorly 

In the male: 

■ Opposite the terminal phalanx are the eontents of the 
reetovesieal poneh, the posterior snrfaee of the bladder, 
the seminal vesieles, and the vasa deferentia (CD Fig. 

19-28). 

■ Opposite the middle phalanx are the reetoprostatie 
faseia and the prostate. 


Opposite the proximal phalanx are the perineal body, 
the nrogenital diaphragm, and the bnlb of the penis. 

In the female: 

Opposite the terminal phalanx are the reetonterine 
poneh, the vagina, and the eervix (CD Fig. 19-25). 
Opposite the middle phalanx are the nrogenital di- 
aphragm and the vagina. 

Opposite the proximal phalanx are the perineal body 
and the lower part of the vagina. 

Posteriorly 

The saernm, eoeeyx, and anoeoeeygeal body ean be felt. 
Laterally 



external os of uterus 

A 


seminal vesiele 




head of baby 



e 


CD Fìgure 19-28 A. Reetal ex- 

amination in a pregnant vvoman 
shovving how it is possible to 
palpate the cervix throogh the 
anterior reetal wall. B. Reetal ex- 
amination in the male showing 
how it is possible to palpate the 
prostate and the seminal vesieles 
throogh the anterior reetal wall. 
e. Position of the episiotomy inei- 
sion in a woman during the see- 
ond stage of labor. The baby's 
head is presenting at the vaginal 
orifiee. 














The Abdominal Wall, the Peritoneal Gavity, the Retroperitoneal Spaee, and the Alimentary Traet 347 


The isehioreetal fossae and isehial spines ean be 
palpated. 

Cancer and the Lymph Drainage of the 
Anal Canal 

The npper half of the mneons membrane of the anal eanal 
is drained upward to lymph nodes along the eonrse of the 
snperior reetal artery. The lower half of the mneons 
membrane is drained downward to the medial gronp of 
snperfieial ingninal nodes. Many patients have thonght they 
had an ingninal hernia, and the physieian has fonnd a 
eaneer of the lower half of the anal eanal, with seeondary 
deposits in the ingninal lymph nodes. 


LongEnital Short Esophagos 

Abnormal shortness of the esophagns is eansed by an 
esophageal hiatns hernia in the diaphragm. Stomaeh eon- 
tents flow into the esophagns, resnlting in esophagitis. 



ISCHIDRECTAL 
FDSSA 

The isehioreetal Fossa 
and infeetion 

The isehioreetal fossae (isehioanal fossae) are filled with fat 
that is poorly vasenlarized. The elose proximity to the anal 
eanal makes them partienlarly vnlnerable to infeetion. 
Infeetion eommonly traeks laterally from the anal mneosa 
throngh the external anal sphineter. Infeetion of the peri- 
anal hair follieles or sweat glands may also be the eanse of 
infeetion in the fossae. Rarely, a perireetal abseess bnrsts 
downward throngh the levator ani mnsele. An isehioreetal 
abseess may involve the opposite fossa by the spread of in- 
feetion aeross the midline behind the anal eanal. 

eDNDENITAL 
ANDMALIES DF 
THE ESDPHAGHS 




LDngenital Hypertrophie 
Pylorie Stenosis 

Hypertrophie pylorie stenosis is a relatively eommon emer- 
geney in infants between the ages of 3 and 6 weeks. The 
ehild ejeets the stomaeh eontents with eonsiderable foree. 
The exaet eanse of the stenosis is unknown, althongh 
evidenee snggests that the nnmber of antonomie ganglion 
eells in the stomaeh wall is fewer than normal. This 
possibility leads to prenatal nenromnsenlar ineoordination 
and loealized mnsenlar hypertrophy and hyperplasia of 
the pylorie sphineter. It is mneh more eommon in male 
ehildren. 





Atresia of the EsDphagus 

Atresia of the esophagns, with and without fistnla, with the 
traehea is eonsidered in detail on CD Ghapter 3. 

Esophageal Etenosis 

Esophageal stenosis is a narrowing of the Inmen of the 
esophagns, whieh eommonly oeenrs in the lower part. It is 
treated by dilatation. 


All eoats of the intestinal wall are fonnd in the wall of a eon- 
genital divertienlnm. In the dnodennm, divertienla are 
fonnd on the medial wall of the seeond and third parts (CD 
Fig. 19-29). Usually, these are symptomless. Jejnnal diver- 
tienla oeeasionally oeenr and nsnally give rise to no symp- 
toms. For Meekehs divertienlnm of the ilenm, see CD page 
327. A divertienlnm of the eeenm is eommonly sitnated on 
the medial side of the eeenm elose to the ileoeeeal valve. It 
may be snbjeet to aente inflammation and then is eonfnsed 
with appendieitis. Divertienla of the eolon are aequired, not 

eongenital (see CD p. 338). 
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Atresia and Stenosis ni the 
Small Intestine 

The most eommon site of an atretie or stenotie obstrnetion 
is in the dnodennm. Dnring the development of the 
dnodennm, the lining eells proliferate at sneh a rate that the 
Inmen beeomes eompletely obliterated. Later, as a resnlt of 
degeneration of these eells, the gnt beeomes reeanalized. 
Failnre of reeanalization eonld prodnee atresia or stenosis. 
Different forms of dnodenal atresia and stenosis are shown 
in CD Fig. 19-29. Vomiting is the most eommon presenting 
symptom, and the vomitns nsnally is bile stained. Snrgieal 
treatment dnring the first few days of life is essential. 

The next most eommon sites are the ilenm and je- 
jnnnm, respeetively (see CD Fig. 19-29). Frequently, the 


CD Fìgure 19-29 Some eommon eongen- 
ital anomalies of the intestinal traet. 
1-3. Gongenital atresias of the small intes- 
tine. 4. Diverticulum of the duodenum or 
jejunum. 5. Mesenterie eyst of the small in- 
testine. 6. Absenee of the appendix. 7. Dou- 
ble appendix. 8 . Malrotation of the gut, with 
the appendix lying in the left iliae fossa. For 
Meekers diverticulum, see CD Fig. 19-15. 

obstrnetion oeenrs at mnltiple sites. The eanse is possibly 
the failnre of the Inmen to beeome reeanalized after it has 
been bloeked by epithelial proliferation of the eells of the 
mneons membrane. Other eanses have been snggested, 
sneh as vasenlar damage assoeiated with twisting or volvnlns 
of the intestine. Persistent bile-stained vomiting oeenrs from 
birth. Snrgieal relief of the obstrnetion shonld be earried ont 
as soon as possible. 

Duplication of tliE Digestive System 

In dnplieation of the digestive system, the normal degener- 
ation of the mneons membrane eells^ whieh have prolifer- 
ated to temporarily bloek the Inmen, oeenrs at two sites 
simnltaneonsly instead of at one. In this way, two Inmina are 
formed side by side. The additional segment of bowel 
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should be removed as soon as possible, sinee it may eanse 
obstrnetion or be the site of hemorrhage or perforation. 

Arrested Rotation or Malrotation 
of the Midgnt Loop 

Complete Absenee of Rotation or 
ineomplete Rotation 

Gomplete absenee of rotation is rare. In eases of ineomplete 
rotation, no fnrther rotation oeeiirs after the initial eonnter- 
eloekwise rotation of 90° in the iimbilieal eord. Thns, the 
diiodennm, jejimnm, and ileiim remain on the right side of 
the abdomen, and the eeeiim and eolon are on the left side 
of the abdomen (see CD Fig. 19-29). In other eases, a eonn- 
tereloekwise rotation of 180° oeenrs, and althongh the dno- 
dennm may take up its eorreet position posterior to the 
superior mesenterie artery, the eeenm eomes to lie anterior 
and to the left of the dnodennm. Abnormal adhesions form, 
whieh rnn aeross the anterior surfaee of the duodenum and 
eause obstrnetion to its seeond part. 

MalrDtation of the Midgnt Loop 

Countereloekwise rotation of 90° followed by eloekwise ro- 
tation of 90° or 180° may oeeur. In these eases, the dnode- 
nnm eomes to lie anterior to the snperior mesenterie artery^ 
and the eolon may eome to lie anterior to the mesentery of 
the small intestine. Repeated vomiting is nsnally the pre- 
senting symptom and is eaused by dnodenal obstrnetion. 
Snrgieal eorreetion of the ineomplete rotation or malrota- 
tion of the gnt is performed, and all adhesions are divided. 

Persistenee of the 
VitellDÌntestinal Dnet 

The vitelline duet in the early embryo eonneets the devel- 
oping gnt to the yolk sae (see text Fig. 19-78). Normally, as 
development proeeeds, the dnet is obliterated, severs its eon- 
neetion with the intestine, and disappears. Persistenee of the 
vitellointestinal duet ean resnlt in an nmbilieal fistnla (see 
CD Fig. 19-15). If the dnet remains as a fibrons band, a loop 
of small intestine ean beeome wrapped around ip eansing 
intestinal obstrnetion (see CD Fig. 19-15). 

Meehefs Divertienlnm 

MeekePs divertieulum, a eongenital anomaly, represents a 
persistent portion of the vitellointestinal duet (see CD Fig. 
19-15). The divertieulum is loeated on the antimesenterie 
border of the ileum abont 2 ft (61 em) from the ileoeeeal 
junetion. It is about 2 in. (5 em) long and oeeurs in abont 


2% of individnals. The divertieulum is important elinieally, 
sinee it may possess a small area of gastrie mneosa, and 
bleeding may oeeur from a ''gastrie” nleer in its mueous 
membrane. Moreover^ the pain from this nleer may be eon- 
fnsed with the pain from appendieitis. Shonld a fibrons 
band eonneet the divertieulum to the umbiheus, a loop of 
small bowel may beeome wrapped around it, eansing in- 
testinal obstrnetion. 

DndEseended Cecunn and Appendix 

In eases of nndeseended eeeum and appendix, an inflam- 
mation of the appendix would give rise to tenderness in the 
right hypoehondrinm, whieh may lead to a mistaken diag- 
nosis of inflammation of the gallbladder. 

Annmalies nf Ihe Appendix 

Agenesis of the appendix (failure to develop) is extremely 
rare; however, a few examples of donble appendix have 

been reported (see CD Fig. 19-29). The possibility of left- 

sided appendix in individnals with transposition of thoraeie 
and abdominal viseera or in eases of arrested rotation of 
the midgnt shonld always be remembered (see CD Fig. 

19-29). 

Annmalies nf Ihe enlnn 

The eongenital anomaly of undeseended eeeum or failure 
of rotation of the gnt so that the eeenm lies in the left iliae 
fossa may give rise to eonfnsion in diagnosis. The pain of ap- 
pendieitis, for example, although initially starting in the um- 
bilieal region, may shift not to the right iliae fossa bnt to the 
right upper quadrant or to the left lower quadrant. 

Primary Megaenlnn 
(Hirsehsprnng Disease) 

Hirsehsprnng disease shows a familial tendeney and is more 
eommon in males than in females. Symptoms usually appear 
during the first few days after birth. The ehild fails to pass 
meeoninm, and the abdomen beeomes enormously dis- 
tended. The sigmoid eolon is greatly distended and hyper- 
trophied, while the reetum and anal eanal are eonstrieted 
(CD Fig. 19-30). It is the eonstrieted segment of the bowel 
that eauses the obstrnetion, and histologie examination re- 
veals a eomplete failure of development of the parasympa- 
thetie ganglion eells in this region. The treatment is opera- 
tive exeision of the aganglionie segment of the bowel. 

ImperfDrate Anus 

Abont 1 ehild in 4,000 is born with imperforate anns eansed 
by an imperfeet fnsion of the entodermal eloaea with the 

proetodeum (see text Fig. 19-77). 
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distended and hypertrophied 

sigmoid eolon 



eonstrieted rectum 
and anal eanal 



eommonest area to find absenee 

of parasympathetie 
ganglion eells 


CD Figure 19-30 Main eharaeteristies of primary megaeolon (Hirsehsprong disease) 




Read the following ease histories/questions and give 
the best answer for eaeh. 

An 8-year-old boy was admitted to the hospital with a tem- 
peratnre of 101 a fnrred tongne, and pain in the right 
lower quadrant. On examination, the skin on the right 
lower quadrant was tender to the toneh, and the abdominal 
mnseles were eontraeted and rigid. A diagnosis of aente ap- 
pendieitis was made. 

1. The symptoms and signs displayed by this patient ean 
be explained by the following statements except which? 

A. An aentely inflamed appendix prodnees an inflam- 
mation of the peritoneal eoat eovering it. 

B. Shonld the inflammatory proeess spread, for exam- 
ple, if the appendix shonld rnptnre, the parietal peri- 
tonenm would beeome involved. 

e. The parietal peritonenm, the abdominal mnseles, 
and the overlying skin are snpplied by the same seg- 
mental spinal nerves. 

D. The segmental nerves snpplying the right lower 
quadrant of the abdominal wall are T7, T8, and T9. 

E. The pain in the right lower quadrant and the re- 
gional eontraetion of the abdominal mnseles is an 
attempt by the body to keep the inflamed appendix 
immobile so that the inflammatory proeess remains 
loealized. 

A workman engaged in demolishing a bnilding lost his 
balanee and fell astride a girder on the floor below. On 
examination, he was fonnd to have extensive swelhng of 


his perinenm, serotnm, and penis. He was nnable to 
nrinate normally, passing only a few drops of blood- 
stained nrine. The lower part of the anterior abdominal 
wall was also swollen, bnt his thighs were normal. 

2. The symptoms and signs displayed by this patient ean 
be explained by the following statements except which? 

A. The patienfs fall rnptnred the nrethra in the per- 
inenm. 

B. When the patient attempted to mietnrate, the nrine 
extravasated beneath Golles' faseia. 

e. The nrine passed over the serotnm and penis nnder 
the membranons layer of snperfieial faseia. 

D. The nrine passed upward beneath the membranons 
layer of snperfieial faseia on the anterior abdominal 
wall. 

E. The nrine eonld not extend posteriorly beeanse of the 
attaehment of Golles' faseia to the tip of the coccyx. 

F. The nrine did not extend into the thigh beeanse of 
the attaehment of the membranons layer of snperfi- 
eial faseia to the faseia lata, jnst below the ingninal 
ligament. 

A 45-year-old woman was shopping in a hquor store when 
an armed robbery took plaee. A shootont oeenrred and a 
bnllet rieoeheted off the wall and entered her left side. For- 
tnnately, the bnllet did not enter the peritoneal eavity. 
One year later, in addition to diminished skin sensation 
over the left Inmbar region and nmbiliens, she notieed a 
bnlging forward of the left side of her anterior abdominal 
wall. 
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3. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. The bnllet ent the ninth and tenth intereostal nerves 
jnst below the eostal margin on the left side. 

B. The diminished skin sensation was eansed by the 
loss of the sensory nerve snpply to the ninth and 
tenth thoraeie dermatomes. 

e. Portions of the oblique, transversns, and reetns 
abdominis mnseles on the left side were paralyzed. 

D. Atrophy of the pyramidalis mnsele resnlted in loss of 
snpport to the abdominal viseera, whieh then sagged 
forward. 

A 9-week-old boy was admitted to the hospital with a 
swelhng in the right groin that extended down into the up- 
per part of the serotnm. When he eried, the swelhng en- 
larged. On earefnl palpation it was possible to rednee the 
size of the swelhng, and this proeednre was aeeompanied by 
a gnrgling noise. 

4. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. The swelhng was sitnated above and medial to the 
pnbie tnberele on the right side. 

B. The ehild had a right indireet ingninal hernia. 

e. The proeessns vaginalis in its npper part had failed 
to beeome obliterated before birth. 

D. The hernial sae in an indireet ingninal hernia 
emerges from the snperfieial ingninal ring. 

E. The snperfieial ingninal ring lies above and medial 
to the pnbie tnberele. 

F. The eontents of the hernial sae eonsisted only of the 
greater omentnm. 

A 75-year-old man with ehronie bronehitis notieed that a 
bnlge was developing in his left groin. On examination, an 
elongated swelling was seen above the medial end of the left 
ingninal ligament. When the patient eonghed, the swelling 
enlarged bnt did not deseend into the serotnm. The patient 
had weak abdominal mnseles. 

5. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. The ingninal swelhng was a direet ingninal hernia. 

B. The eanse of the hernia was weak abdominal 
mnseles. 

e. The hernial sae was wide and in direet eommnniea- 
tion with the peritoneal eavity. 

D. A rise in intraabdominal pressnre on eonghing 
eansed the hernial swelhng to expand. 

E. The swelhng oeenred lateral to the inferior epigas- 
trie artery. 

A 40-year-old woman notieed a painfnl swelhng in her right 
groin after helping her hnsband move some heavy fnrnitnre. 
On examination, a small tender swelhng was noted in the 
right groin. 


6. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. The exeessive exertion eansed a rise in intraabdom- 
inal pressnre. 

B. A hernial sae formed of parietal peritonenm was 
foreed downward. 

e. The peritonenm was foreed throngh the right 
femoral eanal. 

D. The patient had a right-sided femoral hernia. 

E. The neek of a femoral hernial sae is sitnated below 
and medial to the pnbie tnberele. 

A 55-year-old man was admitted to the hospital with a large 
hard, fixed, intraabdominal mass. On examination of the ab- 
domen, the mass was sitnated on the transpylorie plane. The 
ingninal lymph nodes were normal. 

7. The symptoms and signs displayed by this patient ean 
be explained by the following statements except whieh? 

A. Radiologie examination of the stomaeh showed 
nothing abnormal. 

B. The right testiele was enlarged and was mneh 
harder than normal. 

e. A diagnosis of malignant disease of the right testis 
was made. 

D. The malignant tnmor had metastasized to the Inm- 
bar lymph nodes lying on the transpylorie plane on 
the posterior abdominal wall, whieh is the normal 
lymphatie drainage of the testis. 

E. In malignant disease of the testis the snperfieial 
ingninal lymph nodes only beeome involved if the 
tnmor spreads to involve the serotal skin. 

F. The normal testis is tethered to the skin of the 
serotnm. 

A 25-year-old man involved in pnrehasing drngs was knifed 
in the abdomen in the left npper quadrant. On examination 
in the emergeney department, it was diffienlt to determine 
whether the knife had penetrated the peritoneal eavity. It 
was deeided to do a midline peritoneal lavage below the 
nmbiliens to see if there was any free blood in the peritoneal 
eavity. 

8. The following layers of tissne were penetrated by the 
troear and eannnla to enter the peritoneal eavity except 
whieh? 

A. Skin 

B. Fatty and membranons layers of snperfieial faseia 
e. Reetns sheath and reetns abdominis mnsele 

D. Deep faseia 

E. Faseia transversalis 

F. Extraperitoneal tissne and parietal peritonenm 

A 45-year-old man was admitted to the emergeney 
department eomplaining of severe pain in the right lower 
quadrant of the anterior abdominal wall. He had repeatedly 
vomited, and his temperatnre and pnlse rate were elevated. 


352 Ghapter 19 


His history indieated that he had aente appendieitis and that 
the pain had snddenly inereased. On examination, the mns- 
eles of the lower part of the anterior abdominal wall in the 
right lower quadrant showed rigidity. The diagnosis of peri- 
tonitis after perforation of the appendix was made. 

9. The symptoms and signs displayed by this patient ean 
be explained by the following statements except which? 

A. The perforation of the appendk had resnlted in the 
spread of the infeetion from the appendix to involve 
the parietal peritonenm. 

B. The parietal peritonenm in the right iliae region, 
the mnseles of the anterior abdominal wall, and the 
overlying skin are all snpplied by the segmental 
nerves T12 and Ll. 

e. Irritation of the parietal peritonenm reflexly inereases 
the tone of the abdominal mnseles, eansing rigidity. 

D. The greater omentnm tends to beeome stnek down 
to the appendix and restriets the spread of infeetion. 

E. The pain was intensified after perforation of the ap- 
pendix beeanse of stimnlation of the antonomie 
pain endings in the parietal peritonenm. 

A 63-year-old man with a long history of a dnodenal nleer 
was seen in the emergeney department after vomiting 
blood-stained flnid and exhibiting all the signs and symp- 
toms of severe hypovolemie shoek. 

10. The following statements eoneerning dnodenal nleers 
eonld apply to the patienfls eondition except which? 

A. Hemorrhage from a dnodenal nleer often reveals it- 
self by the passage of blaek stools on defeeation. 

B. The pylorie sphineter prevents most of the blood 
from the dnodenal Inmen from passing up into the 
stomaeh. 

e. The gastrodnodenal artery lies behind the first part of 
the dnodennm and was probably eroded by the nleer. 

D. The gastrodnodenal artery is a small braneh of the 
hepatie artery. 

E. The dnodenal nleer was most likely to be sitnated on 
the posterior wall of the first part of the dnodennm. 

A 47-year-old woman was operated on for the treatment of a 
ehronie gastrie nleer that had not responded to medieal treat- 
ment. At operation for partial gastreetomy, it was fonnd that 
the posterior wall of the stomaeh was stnek down to the pos- 
terior abdominal wall. The snrgeon had to proeeed with great 
eare to avoid damaging important strnetnres lying on the pos- 
terior abdominal wall. 

11. The following strnetnres loeated on the posterior ab- 
dominal wall were possibly involved in the disease 
proeess except which? 

A. The right kidney 

B. The panereas 

e. The left snprarenal gland 
D. The left kidney 


E. The lesser sae of peritonenm 

E. The splenie artery 

A 58-year-old man was in a restanrant when he snddenly 
started to vomit blood. He was taken nneonseions to the 
emergeney department of a loeal hospital. On examination, 
he had all the signs of severe hypovolemie shoek. On palpa- 
tion of the anterior abdominal wall, the right lobe of the 
liver was felt three fingerbreadths below the eostal margin. 
Several enlarged snperfieial veins eonld be seen aronnd the 
nmbiliens. His wife said that he had vomited blood 3 
months previonsly and had nearly died. She admitted that 
he was a ehronie aleoholie. The diagnosis was eirrhosis of 
the liver seeondary to ehronie aleoholism. 

12. The symptoms and signs displayed by this patient ean 

be explained by the following statements except which? 

A. The normal flow of portal blood throngh the liver is 
impaired by eirrhosis of the liver. 

B. The portal-systemie anastomoses beeome enlarged 
in this eondition. 

e. At the lower end of the esophagns, a braneh from the 
right gastrie vein anastomoses with an esophageal 
tribntary of the azygos vein. 

D. Rnptnre of a varieosed esophageal vein eonld pro- 
dnee a severe hemorrhage so that the patient would 
vomit up blood. 

E. With portal hypertension the paranmbilieal veins 
linking the snperfieial veins of the skin (systemie 
veins) to the portal vein beeome eongested and 
visible. 

A 48-year-old woman with a history of repeated vomiting 
was admitted to the hospital with a diagnosis of large bowel 
obstrnetion. To deeompress the stomaeh a nasogastrie tnbe 
was passed. 

13. When passing a nasogastrie tnbe some important 

anatomie faets shonld be eonsidered except which? 

A. The well-lubricated tnbe is inserted throngh the 
wider nostril. 

B. The tnbe is direeted backward along the nasal floor 
and not upward beeanse it may beeome eanght on 
the nasal ehoanae. 

e. The distanee between the nostril and the eardiae 

orifiee of the stomaeh is abont 23 in. (57.5 em). 

D. The distanee between the eardiae orifiee and the py- 

lorns is 4.8 to 5.6 in. (12 to 14 em). 

E. Esophageal narrowing may offer resistanee to the 
tnbe behind the erieoid eartilage, 7.2 in. (18 em) 
from the nostril. 

E. The left bronehns and the areh of the aorta eross in 
front of the esophagns and may impede the deseent 
of the tnbe, 11.2 in. (28 em) from the nostril. 

G. Where the esophagns enters the stomaeh there is a 
slight resistanee to the deseent of the tnbe. 
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14. The following statements eoneerning an indireet 
ingninal hernia are eorreet except whieh? 

A. It is the most eommon form of abdominal hernia. 

B. The neek of the hernial sae lies medial to the infe- 
rior epigastrie artery. 

e. The sae is the remains of the proeessns vaginalis. 

D. The hernial sae ean extend into the serotnm. 

E. At the snperfieial ingninal ring, the hernial sae lies 
above and medial to the pnbie tnberele. 

A mother took her 20-day-old baby boy to a pediatrieian be- 
eanse he had started to vomit after his feeds. The baby was 
breast-fed. For the first 15 days after birth, the baby had 
taken his feeds very well and had slept eontentedly in his 
erib following the normal after-feed bnrp. However, in the 
previons 5 days, the baby had begnn to vomit toward the end 
of eaeh feed, shooting the milk ont of his month for a dis- 
tanee of 1 to 2 ft. After earefnlly questioning the mother and 
after a physieal examination of the boy, the pediatrieian 
made the diagnosis of eongenital hypertrophie pylorie 
stenosis. 

15. He was able to aseertain the following additional signs 
and symptoms except whieh? 

A. Onee the milk had been vomited, the ehild imme- 
diately would feed again, only to repeat the same 
performanee. 

B. On gentle palpation of the anterior abdominal wall, 
a small firm swelhng was felt jnst below and medial 
to the tip of the left eighth eostal eartilage. 

e. On observing the anterior abdominal wall, an oeea- 
sional wave of gastrie peristalsis was seen traveling 
aeross the epigastrinm from left to right. 

D. The stools were small in quantity and infrequent. 

E. The ehild showed signs of dehydration as evideneed 
by a depressed anterior fontanelle of the sknll. 

A 6-year-old girl was examined by a pediatrieian beeanse she 
had a history of reenrrent pain in the region of the nmbili- 
ens. The pain was dnll and aehing in natnre and lasted for 
abont 1 week. It had reenrred on fonr oeeasions in the pre- 
vions 2 years. Then 2 days before the examination, the ehild 
had severe reetal bleeding and had fainted. 

16. On examination of the ehild, the pediatrieian fonnd the 
following signs and symptoms eonsistent with the diag- 
nosis of Meekehs divertienlnm except whieh? 

A. Tenderness of the anterior abdominal wall in the 
right iliae region 

B. Anemia 

e. Stools streaked with dark red blood 

D. Pyrexia of 102°F 

A 30-year-old man involved in a barroom brawl was seen in 
the emergeney department. He was fonnd to have a blood- 
stained tear on the seat of his tronsers and laeerations of the 
anal margin. Dnring the fight he was knoeked down and fell 


in the sitting position on the leg of an nptnrned bar stool. 
While nnder observation he developed the signs and symp- 
toms of peritonitis. 

17. The signs and symptoms displayed by this patient eonld 
be explained by the following anatomie statements ex- 
eept whieh? 

A. The patient had impaled his reetnm on the leg of 
the nptnrned bar stool. 

B. At operation, a laeeration of the anterior wall of the 
middle of the reetnm was fonnd. 

e. The leg of the bar stool had entered the reetovesieal 
poneh. 

D. The reetal eontents had eontaminated the peri- 
toneal eavity and were responsible for the develop- 
ment of peritonitis. 

E. The anterior snrfaee of the middle third of the ree- 
tnm has no peritoneal eovering. 

A 46-year-old man had been treating himself for hemor- 
rhoids for the past 3 years. He had notieed that his feees were 
often slightly blood stained. For the past 12 months, he had 
notieed that when he had his bowels open, he always felt that 
more was to eome. Sometimes he went to the toilet several 
times a day bnt was only able to pass flatns and blood-stained 
mnens. Reeently, pain had developed down the ontside of 
his right leg. Digital examination of the reetnm revealed a 
large, hard-based nleer on the posterior wall of the reetnm 
with extensive indnration of the parareetal tissnes. A diagno- 
sis of advaneed eareinoma of the reetnm was made. 

18. The following statements abont this patient are proba- 
bly eorreet except whieh? 

A. Some of the bleeding was from the eareinomatons 
nleer of the reetnm as well as from the hemorrhoids. 

B. The lymphatie drainage of the reetnm takes plaee 
first into the parareetal lymph nodes. 

e. Gareinoma of the reetnm never metastasizes to the 
liver. 

D. Examination of the right leg revealed some weak- 
ness of the mnseles snpplied by the seiatie nerve. 

E. The eareinoma had extended posteriorly to involve 
the saeral plexus. 

F. The patient indieated that the leg pain was felt in 
skin areas snpplied by branehes of the seiatie nerve. 

A 72-year-old woman was snspeeted of having a tnmor of the 
sigmoid eolon. The physieian deeided to eonfirm the diag- 
nosis by performing a sigmoidoseopy. 

19. The following anatomie statements are eorreet eon- 
eerning the proeednre of sigmoidoseopy except whieh? 

A. After inserting the instrnment into the anns^ the 
lighted end enters the ampnlla of the reetnm after a 
distanee of abont 1.5 in. (4 em). 

B. Some side-to-side movement may be neeessary to 
avoid the transverse reetal folds. 
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C. The reetosigmoid jnnetion will be reaehed approxi- 
mately 6.5 in. (16.25 em) from the anal margin. 

D. To negotiate the reetosigmoid jnnetion, the tip of 
the sigmoidoseope shonld be direeted anteriorly and 
to the patienhs left. 

E. Stretehing of the eolonie wall may give rise to eol- 
ieky pain in the npper part of the abdomen in the re- 
gion of the xiphoid proeess. 

A 3-week-old boy was taken to a pediatrieian beeanse of re- 
peated vomiting and relnetanee to feed. On qnestioning, 
the mother said the ehild had started to vomit on the first 
day of life and has vomited at least onee a day sinee then. 
Early on, the mother had been reassnred and told that the 
baby was taking his feedings too qniekly and that the vom- 
iting eventnally wonld eease. While initially aeeepting this 
reassnranee, the mother now notieed that the ehild did not 
seem hnngry at feeding time; moreover, she eonld see that 
the abdomen was beeoming distended. She added that the 
ehild definitely was eonstipated; very oeeasionally, hard 
meeoninm was passed. After a thorongh physieal examina- 
tion of the ehild, the pediatrieian made the diagnosis of 
primary megaeolon (Hirsehsprnng disease). 

20. The examination of the ehild revealed the following 

possible signs except which? 

A. The abdomen was fonnd to be distended. 

B. A reetal examination with the gloved little finger re- 
snlted in the passage of a large amonnt of flatns and 
the abdominal distension beeame visibly less. 

e. A low barinm enema followed by an X-ray examina- 
tion showed a normal reetnm. 

D. On the radiograph, above the reetnm, a narrowed 
part of the eolon led to a fnnnel-shaped expansion, 
which in tnrn led to a greatly dilated deseending 
eolon and transverse eolon. 

E. On plaeing a stethoseope on the abdominal 
wall, the physieian eonld not hear sonnds of peri- 
stalsis. 

A 53-year-old man eomplained that for the past 4 years he 
had freqnently passed blood-stained stools. Reeently, he had 
notieed that his “bo^el” protrnded from his anns after defe- 
eation, and this eansed him eonsiderable diseomfort. 

21. The following symptoms and signs in this patient were 

eonsistent with a diagnosis of third-degree internal he- 

morrhoids except which? 

A. The patient snffered from intense perianal irritation 
eansed by the mneons seeretions from the prolapsed 
mneons membrane. 

B. Proetoseopie examination revealed three pink 
swelhngs of mneons membrane at the level of the 
anal valves. 

e. The swelhngs were sitnated at the 1, 4, and 9 o'- 
eloek positions with the patient in the lithotomy 
position. 


D. The swelhngs bnlged downward when the patient 
was asked to strain. 

E. Large, eongested veins were seen in the swelhngs. 

E. The swelhngs remained ontside the anns after defe- 

eation. 

G. Abrasion of the mneons membrane was responsible 
for the bleeding. 

A 42-year-old woman visited her physieian beeanse she ex- 
perieneed an agonizing pain in the reetnm, which oeenrred 
on defeeation. She had first notieed the pain a week before 
when she tried to defeeate. The pain lasted for abont an 
honr, then passed off, only to retnrn with the next bowel 
movement. She said that she snffered from eonstipation and 
admitted that sometimes her stools were streaked with 
blood. After a earefnl examination, a diagnosis of anal fissnre 
was made. 

22. The following statements eoneerning this ease are eor- 

reet except which? 

A. Examination of the anal eanal was diffienlt beeanse 
any attempt to insert a gloved finger into the eanal 
eansed severe pain. 

B. The anns was kept tightly elosed by the spasm of the 
external anal sphineter. 

e. Gentle eversion of the anal margin nnder loeal anes- 
thesia revealed the lower edge of a linear tear in the 
posterior wall of the anal eanal; a small tag of skin 
projeeted from the lower end of the tear. 

D. The forward edge of a hard feeal mass may have 
eanght one of the anal valves and torn it downward 
as it deseended. 

E. Anal fissnres tend to oeenr on the anterior and pos- 
terior walls of the anal eanal beeanse the mneons 
membrane is poorly snpported in this region by the 
snperfieial external sphineter mnsele. 

E. The mneons membrane of the lower half of the anal 
eanal is innervated by antonomie afferent nerves 
and is sensitive only to streteh. 

A 41-year-old woman was seen in the emergeney depart- 
ment eomplaining of a painfnl swelhng in the region of the 
anns. On examination, a hoh red, tender swelhng was fonnd 
on the right side of the anal margin. A diagnosis of 
isehioreetal abseess was made. 

2 3. The following statements eoneerning this ease are prob- 

ably eorreet except which? 

A. An isehioreetal abseess is a eommon eomplieation 
of anal fissnre. 

B. The fat in the isehioreetal fossa is prone to infeetion 
that might extend laterally throngh the base of the 
anal fissnre. 

e. The fat in the isehioreetal fossa has a profnse blood 
snpply. 

D. A snrgieal ineision of the abseess shonld provide 
adeqnate drainage of the pns. 
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E. The surgeon should avoid the inferior reetal nerve 
and vessels that eross the isehioreetal fossa from the 
lateral to the medial side. 

24. The differential diagnosis between a perforated dnode- 
nal nleer and a perforated appendix may prove diffienlt. 
Can yon explain this in anatomie terms? 

25. The pain of aente appendieitis is eommonly first felt in 
the nmbilieal region and later in the right iliae region. 
Can yon explain this in anatomie terms? 


26. Following a terrorist bomb attaek, a yonng ehild was 
seen in the emergeney department with a gaping hole 
in the anterior abdominal wall, and eoils of gnt were 
exposed on the snrfaee. How would yon determine by 
inspeetion whether the gnt was small or large intes- 
tine? 





1. D is the eorreet answer. The segmental nerves snpply- 
ing the right lower quadrant of the abdominal wall are 

T1CT12, andLl. 

2. E is the eorreet answer. The nrine eonld not ex- 
tend posteriorly beeanse of the attaehment of the 
Colles' faseia to the posterior edge of the perineal 
membrane. 

3. D is the eorreet answer. The pyramidalis mnsele (if pre- 
sent) is innervated by the twelfth thoraeie nerve. 

4. F is the eorreet answer. The eontents of this hernial sae 
inelnded eoils of small intestine, whieh were responsi- 
ble for the gnrgling noises that oeenrred as the hernia 
was redneed. 

5. E is the eorreet answer. The swelhng oeenrs medial to 
the inferior epigastrie artery (see CD Fig. 19-6). 

6. E is the eorreet answer. The neek of a femoral hernial 
sae is sitnated below and lateral to the pnbie tnberele 

(see CD Fig. 19-7). 

7. F is the eorreet answer. The normal testis is freely 
mobile within the serotnm and is not tethered to the 
snbentaneons tissne or skin. 

8. e is the eorreet answer. The linea alba lies in the mid- 
line; the reetns sheath lies lateral to the linea alba. 

9. E is the eorreet answer. In the parietal peritonenm 
lining the anterior abdominal wall in the right 
iliae fossa, the sensation of pain originates in the nerve 
endings of somatie spinal nerves (T12 and Ll). 

10. D is the eorreet answer. The gastrodnodenal artery is a 
large braneh of the hepatie artery. 

11. A is the eorreet answer. The right kidney does not lie 
behind the stomaeh (see text Fig. 19-38) 


12. e is the eorreet answer. At the lower end of the esoph- 
agns, a braneh from the left gastrie vein anastomoses 
with an esophageal tribntary of the azygos vein. 

13. e is the eorreet answer. The distanee between the nos- 
tril and the eardiae orifiee of the stomaeh is abont 17.2 

in. (44 em). 

14. B is the eorreet answer. The neek of the hernial sae in 
an indireet ingninal hernia lies lateral to the inferior 
epigastrie artery (see CD Fig. 19-6). 

15. B is the eorreet answer. In eongenital hypertrophie py- 
lorie stenosis, there is a loealized mnsenlar hypertrophy 
and hyperplasia of the pylorie sphineter, whieh is larger 
than normal and ean nsnally be palpated jnst below and 
medial to the tip of the right ninth eostal eartilage. 

16. D is the eorreet answer. In many eases of Meekehs di- 
vertienlnm, a small area of eetopie gastrie mneosa is 
presenL whieh is eapable of prodneing hydroehlorie 
aeid and pepsin. In the adjoining mneons membrane, 
this ehild had a ehronie nleer that was responsible for 
the nmbilieal pain. Sndden severe hemorrhage from 
an artery in the floor of the nleer was the eanse of the 
reetal bleeding and fainting attaek. The eondition is 
not assoeiated with pyrexia. After restoration of the 
blood volnme and hemoglobin to a normal level, a 
ehild with this eondition shonld be operated on and 
the divertienlnm shonld be widely exeised. The ent 
ends of the ilenm then are joined by an end-to-end 
anastomosis. 

17. E is the eorreet answer. The npper third of the reetnm 
has peritonenm on its anterior and lateral snrfaees; the 
middle third has peritonenm on its anterior snrfaee; 
and the lower third has no peritoneal eovering (see text 

Fig. 19-64). 
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18. C is the eorreet answer. Advaneed eareinoma of the ree- 
tnm not only extends to the parareetal and inferior 
mesenterie nodes bnt may also spread via the snperior 
reetal, inferior mesenterie, splenie, and portal veins to 
the liver. 

19. E is the eorreet answer. Goheky pain from the eolon is 
referred to the lower part of the anterior abdominal wall 

above the symphysis pnbis (see CD Fig. 19-23). 

20. E is the eorreet answer. In patients with primary mega- 
eolon^ the mnsele of the eolon immediately proximal to 
the obstrnetion is hypertrophied as the resnlt of at- 
tempting to foree the meeoninm and feees onward. 
Usually very aetive peristalsis is heard on listening to the 
abdomen with a stethoseope. 

21. e is the eorreet answer. The swelhngs of internal he- 
morrhoids are sitnated at the 3 , 7, and 11 o'eloek po- 
sitions with the patient in the lithotomy position. 
These swelhngs are eansed by a dilatation of the three 
main tribntaries of the snperior reetal vein (see CD 

Fig. 19-26). 

22. F is the eorreet answer. The mneons membrane of the 
lower half of the anal eanal is innervated by the inferior 
reetal nerve and is very sensitive to pain, temperatnre, 
toneh, and pressnre. 


23. e is the eorreet answer. The fat in the isehioreetal fossa 
has a poor blood snpply. 

24. A small perforation of the first part of the dnodennm 
may resnlt in the eontents of the dnodennm rnnning 
down the right paraeolie gntter to the right iliae fossa. 
The signs then elosely resemble those of a perforated 
appendix. 

25. The initial pain of aente appendieitis is a vagne dis- 
eomfort and is referred to the nmbilieal region. The af- 
ferent nerve fibers from the appendix aeeompany the 
sympathetie nerves to the snperior mesenterie plexus. 
They enter the thorax via the splanehnie nerves and en- 
ter the spinal eord at the level of the tenth thoraeie seg- 
ment. The tenth thoraeie intereostal nerve snpplies the 
skin of the nmbiliens, and for this reason pain is eom- 
monly referred to the nmbiliens. Onee the inflamma- 
tory proeess has extended beyond the eonfines of the 
appendix and has involved the parietal peritonenm, a 
severe loealized pain is felt in the right iliae region. The 
parietal peritonenm, the overlying mnseles of the ante- 
rior abdominal wall, and the eovering skin are all snp- 
plied by the first Inmbar nerve. 

26. A list of naked-eye differenees between the small and 
large intestine are given on text page 751. 
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THE L VER 


Liver Sapports and Snrgery 

The liver is held in position in the npper part of the abdom- 
inal eavity by the attaehment of the hepatie veins to the in- 
ferior vena eava. The peritoneal ligaments and the tone of 
the abdominal mnseles play a minor role in its snpport. This 
faet is important snrgieally beeanse even if the peritoneal 
ligaments are ent, the liver ean be only slightly rotated. 

Liver Tranma 

The liver is a soft, friable strnetnre enelosed in a fibrons eap- 
snle. Its elose relationship to the lower ribs mnst be empha- 
sized. Fraetnres of the lower ribs or penetrating wounds of 



the thorax or npper abdomen are eommon eanses of liver 
injnry. Blnnt tranmatie injnries from antomobile aeeidents 
are also eommon, and severe hemorrhage aeeompanies 
tears of this organ. 

Beeanse anatomie researeh has shown that the bile 
dnets, hepatie arteries, and portal vein are distribnted in a 
segmental manner, appropriate ligation of these strnetnres 
allows the snrgeon to remove large portions of the liver in 
patients with severe tranmatie laeerations of the liver or with 
a liver tnmor. (Even large, loealized eareinomatons metasta- 
tie tnmors have been sneeessfnlly removed.) 

Liver BiGpsy 

Liver biopsy is a eommon diagnostie proeednre. With the 
patient holding his or her breath in fnll expiration—to re- 
dnee the size of the eostodiaphragmatie reeess and the like- 
lihood of damage to the Inng—a needle is inserted throngh 
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the right eighth or ninth intereostal spaee in the midaxillary 
line. The needle passes throngh the diaphragm into the 
liver, and a small speeimen of liver tissne is removed for 
mieroseopie examination. 

SubphrEnic Spaees 

The important snbphrenie spaees and their relationship to 
the liver are deseribed on text page 713. Under normal 
eonditions these are potential spaees only, and the peri- 
toneal snrfaees are in eontaet. An abnormal aeenmnlation 
of gas or flnid is neeessary for separation of the peritoneal 
snrfaees. The anterior snrfaee of the liver is normally dnll 
on perenssion. Perforation of a gastrie nleer is often ae- 
eompanied by a loss of liver dnllness eansed by the aeen- 
mnlation of gas over the anterior snrfaee of the liver and in 
the snbphrenie spaees. 

PDrtal-SyslBinie AnaslDniDses 

See CD Ghapter 8. 

Pnrtal HypertBnsinn 

See CD Chapter 8. 

BlnDd F1dw in the Pnrtal Vein and 
Malignant Disease 

See CD Chapter 8. 

Gallstnnes 

Callstones are nsnally asymptomatie; however, they ean 
give rise to gallstone eolie or prodnee aente eholeeystitis. 


determines whether infeeted bile is likely to enter the pan- 
ereatie dnet. 

Callstones have been known to nleerate throngh the 
gallbladder wall into the transverse eolon or the dnodennm. 
In the former ease, they are passed natnrally per the reetnm, 
bnt in the latter ease, they may be held up at the ileoeeeal 
jnnetion, prodneing intestinal obstrnetion. 

Aente Ghnleeystitis 

Aente eholeeystitis prodnees diseomfort in the right npper 
quadrant or epigastrinm. Inflammation of the gallbladder 
may eanse irritation of the snbdiaphragmatie parietal peri- 
tonenm, whieh is snpplied in part by the phrenie nerve (C3, 
4, and 5). This may give rise to referred pain over the shonl- 
der, beeanse the skin in this area is snpplied by the snpra- 
elavienlar nerves (C3 and 4). 

ehDleeysteetDniy and the Arterial 
Gnpply tn the Gallhladder 

Before attempting a eholeeysteetomy operation, the snrgeon 
mnst be aware of the many variations in the arterial snpply 
to the gallbladder and the relationship of the vessels to the 
bile dnets (CD Fig. 20-1). Unfortunately, there have been 
several reported eases in whieh the eommon hepatie dnet or 
the main bile dnet has been inelnded in the arterial ligatnre 
with disastrons eonsequenees. 

Gangrene nf the Gallhladder 

Unhke the appendix, whieh has a single arterial snpply, the 
gallbladder rarely beeomes gangrenons. In addition to the 
eystie artery, the gallbladder also reeeives small vessels from 
the viseeral snrfaee of the liver. 


Biliary Cd1ìc 

Biliary eolie is nsnally eansed by spasm of the smooth 
mnsele of the wall of the gallbladder in an attempt to ex- 
pel a gallstone. Afferent nerve fibers aseend throngh the 
eeliae plexus and the greater splanehnie nerves to the tho- 
raeie segments of the spinal eord. Referred pain is felt in 
the right npper quadrant or the epigastrinm (T7, 8, and 9 
dermatomes). 

Obstrnetion of the biliary dnets with a gallstone or by 
eompression by a tnmor of the panereas resnlts in baeknp of 
bile in the dnets and development of janndiee. The im- 
paetion of a stone in the ampnlla of Vater may resnlt in the 
passage of infeeted bile into the panereatie dnet, prodneing 
panereatitis. The anatomie arrangement of the terminal part 
of the bile dnet and the main panereatie dnet is snbjeet to 
eonsiderable variation. The type of dnet system present 


GDNGENITAL 
ANDMALIES DF 
THE GALLBLADDER 

Biliary Atresia 

Failnre of the bile dnets to eanalize dnring development 
eanses atresia. The varions forms of atresia are shown in CD 
Fig. 20-2. Janndiee appears soon after birth; elay-eolored 
stools and very dark eolored nrine are also present. Snrgieal 
eorreetion of the atresia shonld be attempted when possible. 
If the atresia eannot be eorreeted, the ehild will die of liver 
failnre. 
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right hepatie artery 


eystie artery 



left hepatie artery 


hepatie artery 


bilé duct 





CD Figure 20-1 Some eommon 
variations of blood supply to the 
gallbladder. 



atresia of bile duct 



atresia of hepatie duct 



atresia of entire extrahepatic apparatus 



atresia of hepatie ducts 


CD Figure 20-2 Some eommon eongen 
tal anomalies of the biliary ducts. 
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Ahsenee qi me Gallhladder 

Oeeasionally, the outgrowth of eells from the hepatie bud 
fails to develop. In these eases, there is no gallbladder and 

no eystie dnet (CD Fig. 20-3). 

Doijhle Gallhladder 

Rarely, the outgrowth of eells from the hepatie bnd bifnr- 
eates so that two gallbladders are formed (see CD Fig. 20-3). 

Ahsenee of the Gyslie Ducl 

In absenee of the eystie dnet, the entire outgrowth of eells 
from the hepatie bnd develops into the gallbladder and fails 
to leave the narrow stem that would normally form the eystie 


dnet. The gallbladder drains direetly into the bile dnet. The 
eondition may not be reeognized when performing a ehole- 
eysteetomy, and the bile dnet may be serionsly damaged by 

the snrgeon (see CD Fig. 20-3). 

AeeessDry Bile Ducl 

A small aeeessory bile dnet may open direetly from the liver 
into the gallbladder, whieh may eanse leakage of bile into 
the peritoneal eavity after eholeeysteetomy if it is not reeog- 
nized at the time of snrgery (see CD Fig. 20-3). 

GongEnilal GholBdDehal Gysl 

Rarely, a eholedoehal eyst develops beeanse of an area of 
weakness in the wall of the bile dnet. A eyst ean eontain 1 to 
2 L of bile. The anomaly is important in that it may press 



eongenital absenee of gallbladder 



double gallbladder 



absenee of eystie duct 



abnormally long eystie duct 




aeeessory bile duct 


eholedoehal eyst 


CD Figure 20-3 Some eommon eongeni- 
tal anomalies of the gallbladder. 
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on the bile dnet and eanse obstrnetive janndiee (see CD 

Fig. 20-3). 


THE PANEREAS 


Diagnosis oí Panereatie Disease 

The deep loeation of the panereas sometimes gives rise to 
problems of diagnosis for the following reasons: 

■ Pain from the panereas is eommonly referred to the baek. 

■ Beeanse the panereas lies behind the stomaeh and trans- 
verse eolon, disease of the gland ean be eonfnsed with 
that of the stomaeh or transverse eolon. 

■ Inflammation of the panereas ean spread to the peri- 
tonenm, forming the posterior wall of the lesser sae. This 
in tnrn ean lead to adhesions and the elosing off of the 
lesser sae to form a psendoeyst. 

Trauma of Ihe Panereas 

The panereas is deeply plaeed within the abdomen and is 
well proteeted by the eostal margin and the anterior ab- 
dominal wall. However, blnnt tranma, sneh as in a sports in- 
jnry when a sndden blow to the abdomen oeenrs, ean eom- 
press and tear the panereas against the vertebral eolnmn. 
The panereas is most eommonly damaged by gnnshot or 
stab wounds. 

Damaged panereatie tissne releases aetivated panere- 
atie enzymes that prodnee the signs and symptoms of aente 
peritonitis. 



CancEr of the Head of the Panereas 

and the Bile Dnet 

Beeanse of the elose relation of the head of the panereas to 
the bile dnet, eaneer of the head of the panereas often 
eanses obstrnetive janndiee. 

The Panereatie Tail and Bpleneetomy 

The presenee of the tail of the panereas in the splenieorenal 
ligament sometimes resnlts in its damage dnring splenee- 
tomy. The damaged panereas releases enzymes that start to 
digest snrronnding tissnes, with serions eonsequenees. 

EDNGENITAE 
ANDMAEIES DE 
THE PANEREAS 

Annlar Panereas 

In annlar panereas, the ventral panereatie bnd beeomes 
fixed so thah when the stomaeh and dnodennm rotate, the 
ventral bnd is pnlled aronnd the right side of the dnode- 
nnm to fnse with the dorsal bnd of the panereas, thns en- 
eireling the dnodennm (CD Fig. 20-4). This may eanse 
obstrnetion of the dnodennm, and vomiting may start a 
few honrs after birth. Early snrgieal relief of the obstrnetion 
is neeessary. 




dorsal panereatie bud 


duodenum 


ventral panereatie bud 



dorsal bud 


fixed ventral panereatie bud 


CD Fìgure 20-4 Formation of the anular 
panereas, producing duodenal obstruction. 
Note the narrovving of the duodenum. 
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Eetopie Panereas 

Eetopie panereatie tissne may be fonnd in the snbmneosa of 
the stomaeh, dnodennm, small intestine (inelnding 
Meekehs divertienlnm), and gallbladder and in the spleen. 
It is important in that it may protrnde into the Inmen of the 
gnt and be responsible for eansing intnssnseeption. 

eongenilal Fibroeystie Disease 

Basieally, eongenital fibroeystie disease in the panereas is 
eansed by an abnormality in the seeretion of mnens. The mu- 
ens prodneed is exeessively viseid and obstrnets the panere- 
atie dnet, whieh leads to panereatitis with subsequent fibrosis. 
The eondition also involves the Inngs, kidneys, and liver. 


THE SPLEEN 



The spleen is sitnated at the beginning of the splenie 
vein, and in eases of portal hypertension it often enlarges 
from venons eongestion. 

Tranma lo tha Spleen 

Althongh anatomieally the spleen gives the appearanee of 
being well proteeted, antomobile aeeidents of the ernshing 
or rnn-over type eommonly prodnee laeeration of the 
spleen. Penetrating wounds of the lower left thorax ean also 
damage the spleen. 

EDNGENITAL 
ANDMALIES DE 
THE 5PLEEN 



Splenie Enlargement 

A pathologieally enlarged spleen extends downward and 
medially. The left eolie flexure and the phrenieoeolie liga- 
ment prevent a direet downward enlargement of the organ. 
As the enlarged spleen projeets below the left eostal margin, 
its notehed anterior border ean be reeognized by palpation 
throngh the anterior abdominal wall. 


Snpernnmerary Spleens 

In 10% of people, one or more snpernnmerary spleens may 
be present^ either in the gastrosplenie omentnm or in the 
splenieorenal ligament. Their elinieal importanee is that 
they may hypertrophy after removal of the major spleen and 
be responsible for a reenrrenee of symptoms of the disease 
for whieh spleneetomy was initially performed. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

A 55-year-old woman with a history of flatnlent dyspepsia 
snddenly experieneed an exerueiating eolieky pain aeross 
the npper part of the abdomen. On examination in the 
emergeney department, she was fonnd to have some rigidity 
and tenderness in the right npper quadrant. A diagnosis of 
biliary eolie was made. 

1. The following statements would explain this patienfs 
symptoms except which? 

A. The pain of gallstone eolie is eansed by spasm of the 
smooth mnsele in the wall of the gallbladder and 
distension of the bile dnets by the stones. 

B. The pain fibers from the gallbladder and bile dnets 
aseend throngh the snperior mesenterie plexus and 
the greater splanehnie nerves to enter the thoraeie 
segments of the spinal eord. 


e. Referred pain is felt in the right npper quadrant or 
the epigastrinm. 

D. T7 throngh T9 dermatomes are involved. 

E. The violent eontraetions of the gallbladder wall are 
attempts to expel the gallstones. 

On examination of the abdomen of a 31-year-old woman, a 
large swelhng was fonnd to extend downward and medially 
below the left eostal margin. On perenssion, a eontinnons 
band of dnllness was noted to extend upward from the left of 
the nmbiliens to the left axillary region. On palpation, a 
noteh was felt along the anterior border of the swelhng. A di- 
agnosis of splenie enlargement was made. 

2. The signs displayed by this patient ean be explained by 
the following statements except which? 

A. The spleen has a notehed anterior border eansed by 
ineomplete fnsion of its parts dnring development. 
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B. Because of the presenee of the left eolie flexure and 
the phrenieoeolie ligament, the spleen is unable to 
expand vertieally downward. 

C. A pathologieally enlarged spleen extends downward 
and forward, toward the nmbiliens. 

D. The spleen is sitnated in the npper left quadrant of 
the abdomen beneath the diaphragm. 

E. The long axis of the spleen lies along the twelfth rib. 

3. A 19-year-old football player was aeeidently kieked on 
the left side of his ehest. On retnrning to the loeker 
room he said he felt faint and eollapsed to the floor. On 
examination in the emergeney department, he was 
found to be in hypovolemie shoek. He had tenderness 
and gnarding in the left upper quadrant of his ab- 
domen. He also had extreme loeal tenderness over his 
left tenth rib in the midaxillary line. A diagnosis of a 
rnptnred spleen and the possibility of a fraetnred tenth 
rib was made. Explain the tenderness and gnarding in 
the abdomen in this patient. 

A 40 year-old obese woman eomplaining of indigestion was 
admitted to the hospital for investigation. She had a past 
history of gallstones and transient attaeks of jaundice. 
Large gallstones have been known to erode throngh the 
posterior wall of the gallbladder and enter the intestinal 
traet. 

4. Which part of the intestinal traet is likely to initially 
eontain the stone? 

A. The sigmoid eolon 

B. The deseending eolon 

C. The transverse eolon 

D. The aseending eolon 

E. The jejunum 

5. A 50-year-old woman with a history of flatnlent dyspep- 
sia snddenly experienced an excruciating eolieky pain 


aeross the npper part of the abdomen. On examination 
after the attaek, some rigidity and tenderness was noted 
in the right hypoehondrinm. Two days later the patient 
beeame janndieed, and it was notieed that the degree of 
janndiee varied from day to day. The diagnosis of biliary 
eolie was made. Why shonld a person passing a gall- 
stone experience pain? Why is the pain experienced in 
the area deseribed above? Why does the janndiee vary 
in intensity? 

6. A 65-year-old woman was admitted to the hospital with 
progressive jaundice of three months' duration and 
weight loss. She had not experienced any eolieky pain. 
On examination, a soft swelhng eonld be felt in the ab- 
domen in the region of the tip of the right ninth eostal 
eartilage. A diagnosis of eaneer of the head of the pan- 
ereas was made. What anatomie strnetnre is responsible 
for the swelhng? 

7. A patient with thromboeytopenie pnrpnra was advised 
to have a spleneetomy to stop the episodes of bleeding 
from the gnms and gastrointestinal traet. The operation 
was sneeessfnl. Eighteen months later the elinieal fea- 
tnres retnrned. Can yon explain in anatomie terms the 
recurrence of the bleeding after the eondition had ap- 
parently been enred by spleneetomy? 

8. Eollowing a spleneetomy, it was notieed that panereatie 
juice was exuding throngh the patient's abdominal 
wound. Is the panereas likely to be damaged dnring 
spleneetomy? Which part of the panereas? 

9. The anatomie arrangement of the terminal part of the 
bile duct and the main panereatie duct is snbjeet to 
eonsiderable variation. Which variations are likely to be 
assoeiated with a panereatitis should a gallstone be- 
eome impaeted at the lower end of the bile dnet? 




quadrant and reflex gnarding of the mnseles in the 
same area. 


1. B is the eorreet answer. The pain fibers from the gall- 
bladder and bile dnets aseend throngh the eeliae plexus. 

2. E is the eorreet answer. The long axis of the spleen lies 
along the tenth rib (see text Eig. 20-27). 

3. Initially in this patient, the spleen underwent a 
snbeapsnlar hemorrhage, and later, in the loeker 
room, the eapsnle gave way, allowing the blood to 
eseape into the peritoneal eavity. The presenee of 
blood in the peritoneal eavity irritated the parietal 
peritonenm, causing tenderness in the left upper 


4. e is the eorreet answer. The transverse eolon is in elose 
posterior relation to the gallbladder. 

5. The pain is dne to the spastie eontraetion of the mnsele 
of the gallbladder attempting to flush the stone down 
the bile dnets and to the distension of the dnets by the 
stone. The afferent pain fibers from the gallbladder and 
bile ducts enter the spinal eord between segments T5 
and T9. Pain is referred to the epigastrinm via the sev- 
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enth to the ninth intereostal nerves. A variable amonnt 
of bile gets past the stone. 

6. A small eareinoma of the head of the panereas was 
fonnd at operation to be eompressing the bile dnet. 
Baek pressnre along the bile dnets prodneed dilatation 
of the gallbladder, whieh eonld be felt in the region of 
the tip of the right ninth eostal eartilage. 

7. Abont 10% of persons have aeeessory spleens. These 
shonld always be looked for when performing a 
spleneetomy for sneh eonditions as thromboeytopenie 
pnrpnra. If an aeeessory spleen is missed, it will enlarge 
and take over the fnnetions of the main spleen. 


8. The tail of the panereas lies within the splenieorenal 
ligament, and its tip is related to the hilns of the spleen. 
The snrgeon has to take extreme eare not to damage the 
tail of the panereas dnring a spleneetomy. 

9. Any variation in whieh the bile dnet and the panereatie 
dnet open by a eommon orifiee into the dnodennm is 
likely to eanse this problem (see text Fig. 20-26). Gall- 
stones are nsnally assoeiated with infeeted bile. A stone 
impaeted at the orifiee into the dnodennm will allow 
reflux of infeeted bile along the main panereatie dnet, 
and panereatitis will oeenr. 
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THE K DNEYS 


nenal MDbility 

The kidneys are maintained in their normal position by in- 
traabdominal pressnre and by their eonneetions with the 
perirenal fat and renal faseia. Eaeh kidney moves slightly with 
respiration. The right kidney lies at a slightly lower level than 
the left kidney, and the lower pole may be palpated in the right 
Inmbar region at the end of deep inspiration in a person with 


poorly developed abdominal mnsenlatnre. Shonld the 
amonnt of perirenal fat be redneed, the mobility of the kidney 
may beeome exeessive and prodnee symptoms of renal eolie 
eansed by kinking of the nreter. Exeessive mobility of the kid- 
ney leaves the snprarenal gland nndistnrbed beeanse the latter 
oeenpies a separate eompartment in the renal faseia. 

Kidney Tranma 

The kidneys are well proteeted by the lower ribs, the Inmbar 
mnseles, and the vertebral eolnmn. However, a severe blnnt 
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injury applied to the abdomen may ernsh the kidney against 
the last rib and the vertebral eolnmn. Depending on the 
severity of the blow, the injnry varies from a mild brnising to 
a eomplete laeeration of the organ. Penetrating injnries are 
nsnally eansed by stab wounds or gnnshot wounds and often 
involve other viseera. Beeanse 25% of the eardiae outflow 
passes throngh the kidneys, renal injnry ean resnlt in rapid 
blood loss. A snmmary of the injnries to the kidneys is shown 

in CD Fig. 21-1. 

Kidney Tnmnrs 

Malignant tnmors of the kidney have a strong tendeney to 
spread along the renal vein. The left renal vein reeeives the 
left testienlar vein in the male, and this may rarely beeome 
bloeked, prodneing left-sided varieoeele. 

Renal Pain 

Renal pain varies from a dnll aehe to a severe pain in the 
flank that may radiate downward into the lower abdomen. 
Renal pain ean resnlt from stretehing of the kidney eapsnle 
or spasm of the smooth mnsele in the renal pelvis. The 
afferent nerve fibers pass throngh the renal plexus aronnd 
the renal artery and aseend to the spinal eord throngh 
the lowest splanehnie nerve in the thorax and the sympa- 
thetie trnnk. They enter the spinal eord at the level of T12. 
Pain is eommonly referred along the distribntion of the 


snbeostal nerve (T12) to the flank and the anterior abdom- 
inal wall. 

TransplanÌEd Kidneys 

The iliae fossa on the posterior abdominal wall is the nsnal site 
ehosen for transplantation of the kidney. The fossa is exposed 
throngh an ineision in the anterior abdominal wall jnst above 
the ingninal ligament. The iliae fossa in front of the iliaens 
mnsele is approaehed retroperitoneally. The kidney is posi- 
tioned and the vasenlar anastomosis eonstrneted. The renal 
artery is anastomosed end to end to the internal iliae artery and 
the renal vein is anastomosed end to side to the external iliae 
vein (CD Fig. 21-2). Anastomosis of the branehes of the inter- 
nal iliae arteries on the two sides is snffieient so that the pelvie 
viseera on the side of the renal arterial anastomosis are not at 
risk. IJreteroeystostomy is then performed by opening the 
bladder and providing a wide entranee of the nreter throngh 
the bladder wall. 


THE HRETERS 


Traamatie RrBtEral InjarÌES 

Beeanse of its proteeted position and small size, injnries to 
the nreter are rare. Most injnries are eansed by gnnshot 




CD Fìgure 21-1 lnjuries to the kidney. A. Contu- 
sion, with hemorrhage eonfined to the cortex be- 
neath the intaet fibrous capsule. B. Tearing of the 
capsule and cortex with bleeding occurring into 
the perirenal fat. C. Tearing of the capsule, the 
cortex, and the medulla. Note the eseape of blood 
into the ealyees and therefore the urine. Drine as 
well as blood may extravasate into the perirenal 
and pararenal fat and into the peritoneal eavity. 

D. Shattered kidney with extensive hemorrhage 
and extravasation of blood and urine into the 
perirenal and pararenal fat; blood also enters the 
ealyees and appears in the urine. E. Injury to the 
renal pediele involving the renal vessels and pos- 
sibly the renal pelvis. 
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inferior vena eava 



CD Fìgure 21-2 The transplanted kidney. 


wounds and, in a few individnals, penetrating stab wounds. 
Beeanse the ureters are retroperitoneal in position, nrine 
may eseape into the retroperitoneal tissnes on the posterior 
abdominal wall. 

IJreterie Stones 

There are three sites of anatomie narrowing of the nreter 
where stones may be arrested, namely, the pelvinreteral 
jnnetion, the pelvie brim, and where the nreter enters the 
bladder. Most stones, althongh radiopaque, are small 
enongh to be impossible to see definitely along the eonrse of 
the ureter on plain radiographie examination. An intra- 
venons pyelogram is nsnally neeessary. The nreter rnns down 
in front of the tips of the transverse proeesses of the Inmbar 
vertebrae, erosses the region ofthe saeroiliae joint, swings ont 
to the isehial spine, and then tnrns medially to the bladder. 

Renal Cq1ìc 

The renal pelvis and the nreter send their afferent nerves into 
the spinal eord at segments T11 and 12 and L1 and 2. In renal 
eolie, strong peristaltie waves of eontraetion pass down the 
nreter in an attempt to pass the stone onward. The spasm of the 
smooth mnsele eanses an agonizing eolieky pain, whieh is re- 
ferred to the skin areas that are snpplied by these segments of 
the spinal eord, namely, the flank, loin, and groin. 

When a stone enters the low part of the nreter, the pain 
is felt at a lower level and is often referred to the testis or the 
tip of the penis in the male and the labinm majns in the fe- 
male. Sometimes nreteral pain is referred along the femoral 
braneh of the genitofemoral nerve (L1 and 2) so that pain is 
experieneed in the front of the thigh. The pain is often so se- 
vere that afferent pain impnlses spread within the eentral 
nervons system, giving rise to nansea. 
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Palyeystie Kidney 

A hereditary disease, polyeystie kidney ean be transmitted by 
either parent. It may by assoeiated with eongenital eysts of 
the liver, panereas, and Inng. Both kidneys are enormonsly 
enlarged and riddled with eysts. Polyeystie kidney is thonght 
to be eansed by a failure of union between the developing 
eonvolnted tnbnles and eolleeting tnbnles. The aeenmnla- 
tion of nrine in the proximal tubules resnlts in the formation 
of retention eysts. 

Pelvie Ridney 

In pelvie kidney, the kidney is arrested in some part of its 
normal aseent; it nsnally is fonnd at the brim of the pelvis 
(CD Fig. 21-3). Sneh a kidney may present with no signs 
or symptoms and may funetion normally. However, 
shonld an eetopie kidney beeome inflamed, it may—be- 
eanse of its nnnsnal position —give rise to a mistaken 
diagnosis. 

HorsBsliDe Kidney 

When the eandal ends of both kidneys fnse as they de- 
velop, the resnlt is horseshoe kidney (see CD Fig. 21-3). 
Both kidneys eommenee to aseend from the pelvis, but 
the intereonneeting bridge beeomes trapped behind the 
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pelvie kidney 


aorta 



inferior 

mesenterie 


horseshoe kidney 



nnilateral double kidney 



aberrant renal arteries 



rosette kidney (eake kidney) 



aberrant renal artery causing 
urinary obstruction 


CD Fígure 21-3 Sonne eomnnon eongenital 
anomalies of the kidney. 


inferior mesenterie artery so that the kidneys eome to rest 
in the low Inmbar region. Both nreters are kinked as they 
pass inferiorly over the bridge of renal tissne, prodneing 
nrinary stasis, whieh may resnlt in infeetion and stone 
formation. Snrgieal division of the bridge eorreets the 
eondition. 

IJnilalBral DonhlB KidnBy 

The kidney on one side may be donble, with separate 
nreters and blood vessels. In nnilateral donble kidney, the 
nreterie bnd on one side erosses the midline as it aseends, 
and its npper pole fnses with the lower pole of the normally 
plaeed kidney (see CD Fig. 21-3). Here again, angnlation of 


the nreter may resnlt in stasis of the nrine and may require 
snrgieal treatment. 

RosBtlB KidnBy 

Both kidneys may fnse together at their hila, and they usu- 
ally remain in the pelvis. The two kidneys together form a 
rosette (see CD Fig. 21-3). This is the resnlt of the early 
fnsion of the two nreterie bnds in the pelvis. 

SnpErnnniErary REoal ArlBrÌES 

Snpernnmerary renal arteries are relatively eommon. They 
represent persistent fetal renal arteries, whieh grow in 
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sequence from the aorta to supply the kidney as it aseends 
from the pelvis. Their oeenrrenee is elinieally important be- 
eanse a snpernnmerary artery may eross the pelvinreteral 
jnnetion and obstrnet the outflow of urine, prodneing dila- 
tion of the ealyees and pelvis, a eondition known as 

hydronephrosis (see CD Fig. 21-3). 

□NGENITAL 
ANDMALIES DL 
THE HRETERS 



lower gronps of ealyees. The eanse is a prematnre division of 
the nreterie bnd near its termination. 

Bifid IJreter 

In bifid nreter, the nreters may join in the lower third of 
their eonrse^ may open throngh a eommon orifiee into the 
bladder, or may open independently into the bladder (see 
CD Fig. 21-4). In the latter ease, one ureter erosses its fellow 
and may produce nrinary obstrnetion. The eanse of bifid 
nreter is a prematnre division of the nreterie bnd. 

Cases of donble pelvis and donble nreters may be fonnd 
by ehanee on radiologie investigation of the nrinary traet. 
They are more liable to beeome infeeted or to be the seat of 
ealenlns formation than is a normal nreter. 


DooblE Pelvis 

Donble pelvis of the nreter is nsnally unilateral (CD Fig. 
21-4). The npper pelvis is small and drains the npper gronp 
of ealyees; the larger lower pelvis drains the middle and 



Megalonreter may be nnilateral or bilateral and shows eom- 
plete absenee of motility (see CD Fig. 21-4). The eanse is 
unknown. Beeanse of the nrinary stasis, the nreter is prone 



double pelvis 



bifid ureter 




bifid ureter 


megaloureter 



eetopie ureteric orifiee 


posteaval ureter 


CDFigure21-4 Some eommon eonge- 
nital anomalies of the ureter. 
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to infeetion. Plastie snrgery is required to improve the rate of 
drainage. 

Posleaval UrEter 

The right nreter may aseend posterior to the inferior vena 
eava and may be obstrneted by it (see CD Fig. 21-4). Snrgi- 
eal reronting of the nreter with reimplantation of the distal 
end into the bladder is the treatment of ehoiee. 


THE HRINARY 
RLADDER 

PalpalÌDn of Ihe Rrinary Bladder 

The fnll bladder in the adnlt projeets up into the abdomen 
and may be palpated throngh the anterior abdominal wall 
above the symphysis pnbis. 

Bimannal palpation of the empty bladder with or with- 
ont a general anesthetie is an important method of examin- 
ing the bladder. In the male, one hand is plaeed on the 
anterior abdominal wall above the symphysis pnbis, and the 
gloved index finger of the other hand is inserted into the ree- 
tnm. From their knowledge of anatomy, stndents ean see 
that the bladder wall ean be palpated between the examin- 
ing fingers. In the female^ an abdominovaginal examination 
ean be similarly made. In the ehild, the bladder is in a 
higher position than in the adnlt beeanse of the relatively 
smaller size of the pelvis. 

Bladder Distensian 

The normal adnlt bladder has a eapaeity of abont 500 mL. 
In the presenee of nrinary obstrnetion in males, the bladder 
may beeome greatly distended without permanent damage 
to the bladder wall; in sneh eases, it is rontinely possible to 
drain 1,000 to 1,200 mL of nrine throngh a eatheter. 

Drinary Belentinn 

In adnlt males, nrinary retention is eommonly eansed by 
obstrnetion to the nrethra by a benign or malignant 
enlargement of the prostate. An aente nrethritis or prostati- 
tis ean also be responsible. Aente retention oeenrs mneh less 
frequently in females. The only anatomie eanse of nrinary 
retention in females is aente inflammation aronnd the 
nrethra (e.g., from herpes). 

5uprapubic AspiratÌDn 

As the bladder fills, the snperior wall rises ont of the pelvis 
and peels the peritonenm off the posterior snrfaee of the 



anterior abdominal wall. In eases of aente retention of 
nrine, when eatheterization has failed, it is possible to pass 
a needle into the bladder throngh the anterior abdominal 
wall above the symphysis pnbis, without entering the peri- 
toneal eavity. This is a simple method of draining off the 
nrine in an emergeney. 

CyslDSCDpy 

The mneons membrane of the bladder, the two nreterie ori- 
fiees, and the nrethral meatns ean easily be observed by 
means of a eystoseope. With the bladder distended with 
flnid, an illnminated tnbe fitted with lenses is introdneed 
into the bladder throngh the nrethra. Over the trigone, the 
mneons membrane is pink and smooth. If the bladder is par- 
tially emptied, the mneons membrane over the trigone re- 
mains smooth, bnt it is thrown into folds elsewhere. The 
nreterie orifiees are slit-like and ejeet a drop of nrine at in- 
tervals of abont 1 minnte. The internreterie ridge and the 
nvnla vesieae ean easily be reeognized. 

Bladder Injuries 

The bladder may rnptnre intraperitoneally or extraperi- 
toneally. Intraperitoneal rnptnre nsnally involves the snpe- 
rior wall of the bladder and oeenrs most eommonly when 
the bladder is fnll and has extended up into the abdomen. 
Urine and blood eseape freely into the peritoneal eavity. 
Extraperitoneal rnptnre involves the anterior part of the 
bladder wall below the level of the peritoneal refleetion; it 
most eommonly oeenrs in fraetnres of the pelvis when 
bony fragments pieree the bladder wall. Lower abdominal 
pain and blood in the nrine (hematnria) are fonnd in most 
patients. 

In yonng ehildren, the bladder is an abdominal organ, 
so abdominal tranma ean injnre the empty bladder. 

Difficulty with MicturitÌDU after 
5piual CDrd lujury 

After injnries to the spinal eord, the nervons eontrol of mie- 
tnrition is disrnpted. 

The normal bladder is innervated as follows: 

■ Sympathetie outflow is from the first and seeond Inmbar 
segments of the spinal eord. The sympathetie nerves (see 
the footnote on text p. 819) inhibit eontraetion of the de- 
trnsor mnsele of the bladder wall and stimnlate elosnre of 
the sphineter vesieae. 

■ Parasympathetie outflow is from the seeond, third, and 
fonrth saeral segments of the spinal eord. The parasym- 
pathetie nerves stimnlate the eontraetion of the detrnsor 
mnsele of the bladder wall and inhibit the aetion of the 
sphineter vesieae. 
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■ Sensory nerve fibers enter the spinal eord at the above 
segments. The normal proeess of mietnrition is deseribed 
on text page 819. 

Disrnption of the proeess of mietnrition by spinal eord 
injnries may prodnee the following types of bladder: 

■ The atonie bladder oeenrs dnring the phase of spinal 
shoek, immediately after the injnry, and may last for a 
few days to several weeks. The bladder wall mnsele is re- 
laxed, the sphineter vesieae tightly eontraeted, and the 
sphineter nrethrae relaxed. The bladder beeomes greatly 
distended and finally overflows. Depending on the level 
of the eord injnry, the patient either is or is not aware that 
the bladder is fnll. 


The antomatie reflex bladder (CD Fig. 21-5) oeenrs af- 
ter the patient has reeovered from spinal shoek, provided 
that the eord lesion lies above the level of the parasympa- 
thetie outflow (S2, 3 , and 4). It is the type of bladder nor- 
mally fonnd in infaney. The bladder fills and empties 
reflexly. Streteh reeeptors in the bladder wall are stimn- 
lated as the bladder fills, and the afferent impnlses pass to 
the spinal eord (segments S2, 3 , and 4). Efferent impnlses 
pass down to the bladder mnsele, whieh eontraets; the 
sphineter vesieae and the nrethral sphineter both relax. 
This simple reflex oeenrs every 1 to 4 honrs. 

The autonomous bladder (see CD Fig. 21-5) is the eon- 
dition that oeenrs if the saeral segments of the spinal eord 
are destroyed. The saeral segments of the spinal eord are 




sphíneter nrethrae 


spinal eord 




CD Fìgure 21-5 A. Nervoos eontrol 
of the bladder after seetion of the 
spinal eord in the upper thoraeie 
region. Destruction of the saeral 
segments of the spinal eord. B. The 
afferent sensory fibers from the blad- 
der entering the eentral nervous sys- 
tem and the parasympathetie efferent 
fibers passing to the bladder are 
shovvn; the sympathetie fibers have 
been omitted for elarity. 
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situated in the upper part of the Inmbar region of the ver- 
tebral eolnmn. The bladder is without any external reflex 
eontrol. The bladder wall is flaeeid, and the eapaeity of 
the bladder is greatly inereased. It merely fills to eapaeity 
and overflows; eontinnal dribbling is the resnlt. The blad- 
der may be partially emptied by mannal eompression of 
the lower part of the anterior abdominal wall, but infee- 
tion of the nrine and baekpressnre effeets on the ureters 
and kidneys are inevitable. 


THE MALE 
HRETHRA 

IJrEthral InfeetÌGns 

The most dependent part of the male urethra is that whieh 
lies within the bnlb. Here, it is snbjeet to ehronie inflam- 
mation and strietnre formation. 

The many glands that open into the nrethra —inelnd- 
ing those of the prostate, the bulbourethral glands, and 
many small penile nrethral glands —are eommonly the site 
of ehronie gonoeoeeal infeetion. 

InjnrÌBS In thE Pbgìs 

Injnries to the penis may oeenr as the result of blnnt tranma, 
penetrating tranma, or strangnlation. Ampntation of the en- 
tire penis shonld be repaired by anastomosis using miero- 
snrgieal teehniques to restore eontinnity of the main blood 
vessels. 



passes forward over the serotnm beneath the membranous 
layer of the snperfieial faseia, as deseribed on CD page 313. 
If the membranous part of the nrethra is rnptnred, nrine 
eseapes into the deep perineal poneh and ean extravasate 
upward aronnd the prostate and bladder or downward into 
the superfieial perineal poneh. 


CathEtErizatinn 

The following anatomie faets shonld be remembered before 
passing a eatheter or other instrnment along the male 
urethra: 







The external orifiee at the glans penis is the narrowest 
part of the entire nrethra. 

Within the glans, the nrethra dilates to form the fossa ter- 
minalis (navienlar fossa). 

Near the posterior end of the fossa, a fold of mneons 
membrane projeets into the Inmen from the roof (CD 

Fig. 21-6). 

The membranons part of the nrethra is narrow and fixed. 
The prostatie part of the nrethra is the widest and most di- 
latable part of the urethra. 

By holding the penis upward, the S-shaped enrve to the 
nrethra is eonverted into a J-shaped enrve. 


If the point of the eatheter passes throngh the external 
orifiee and is then direeted toward the nrethral floor nntil it 
has passed the mneosal fold, it shonld easily pass along a 
normal nrethra into the bladder. 


Anatomy of the Proeedore 
of eatheterìzatìon 

The proeednre is as follows: 


RnptnrE nl thE IJrEthra 

Rupture of the urethra may eomplieate a severe blow on the 
perinenm. The eommon site of rupture is within the bnlb of 
the penis, jnst below the perineal membrane. The urine 
extravasates into the snperfieial perineal poneh and then 


1. The patient lies in a snpine position. 

2. With gentle traetion, the penis is held ereet at right 
angles to the anterior abdominal wall. The Inbrieated 
eatheter is passed through the narrow external urethral 
meatns. The eatheter shonld pass easily along the pe- 
nile nrethra. On reaehing the membranons part of the 


eorona 


corpus spongiosunn 




external urethral 
orifiee 

fossa terminalis 
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lacunae 
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glands 


CD Fìgure 21-6 The penile orethra slit open to 
show the folds of mucous membrane and glandular 
orifiees in the roof of the urethra. 
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urethra, a slight resistanee is felt beeause of the tone of 
the nrethral sphineter and the snrronnding rigid per- 
ineal membrane. 


Beeanse of the nrinary ineontinenee and almost eertain 
oeenrrenee of aseending nrinary infeetion, snrgieal reeon- 
strnetion of the bladder is attempted. 


3. The penis is then lowered toward the thighs, and the 
eatheter is gently pnshed throngh the sphineter. 

4. Passage of the eatheter throngh the prostatie nrethra 
and bladder neek shonld not present any diffienlty. 

THE FEMALE 
URETHRA 




Urethral InieetÌDns 

The short length of the female urethra predisposes to as- 
eending infeetion; eonsequently^ eystitis is more eommon 
in females than in males. 

Urethral Injnries 

Beeanse of the short length of the nrethra, injnries are rare. In 
fraetnres of the pelvis, the nrethra may be damaged by shear- 
ing forees as it emerges from the fixed nrogenital diaphragm. 

eatheterizatinn 

Beeanse the female nrethra is shorter, wider, and more 
dilatable, eatheterization is mneh easier than in males. 
Moreover, the nrethra is straighp and only minor resistanee 
is felt as the eatheter passes throngh the nrethral sphineter. 

EDNGENITAL 
ANDMALIES DF 
THE GLADDER 

Eistrnphy nf the Bladder 
(Eetnpia Vesieae) 

Exstrophy of the bladder oeenrs three times more eom- 
monly in males than in females. The posterior bladder wall 
protrndes throngh a defeet in the anterior abdominal wall 
below the umbilieus (CD Fig. 21-7). The eondition is 
eansed by a failnre of the embryonie mesenehyme to invade 
the embryonie dise eandal to the eloaeal membrane (CD 
Fig. 21-7). The absenee of intervening mesenehyme 
between the eetoderm and entoderm prodnees an nnstable 
state, whieh is followed by breakdown of this area. 



The external nrinary meatns normally is the narrowest part 
of the male nrethra, but oeeasionally the opening is exees- 
sively small and may eanse baek pressnre effeet on the entire 
nrinary system. In severe eases, dilatation of the orifiee by in- 
eision is neeessary. 

Hypnspadias 

Hypospadias is the most eommon eongenital anomaly affeet- 
ing the male nrethra. The external meatns is sitnated on the 
ventral or nndersnrfaee of the penis anywhere between the 
glans and the perinenm. Five degrees of severity may oeenr, 
the first of whieh is the most eommon: (1) glandnlar, (2) eoro- 

nal, (3) penile, (4) penoserotal, and (5) perineal (CD Fig. 21- 
8). In all exeept the first type, the penis is enrved in a down- 
ward or ventral direetion, a eondition referred to as ehordee. 

Types I and 2 are eansed by a failnre of the bnd of 
eetodermal eells from the tip of the glans to grow into the 
snbstanee of the glans and join the entodermal eells lining 
the penile nrethra. Types 3, 4, and 5 are eansed by a failnre 
of the genital folds to nnite on the nndersnrfaee of the de- 
veloping penis and eonvert the nrethral groove into the 
penile nrethra. In the penoserotal variety, the genital 
swelhngs fail to fnse eompletely, so that the meatal orifiee 
oeenrs in the midline of the serotnm. Type 1 requires no 
treatment; for the remainder, plastie snrgery is neeessary. 

Epispadias 

Epispadias is a relatively rare eondition and is more eom- 
monly fonnd in the male. In the male^ the external meatns 
is sitnated on the dorsal or npper snrfaee of the penis 
between the glans and the anterior abdominal wall (CD Fig. 
21-9). The most severe type is assoeiated with exstrophy of 
the bladder. In the female, the nrethra is split dorsally and is 
assoeiated with a donble elitoris. It is thonght that epispadias 
is eansed by failnre of the embryonie mesenehyme to 
develop in the lower part of the anterior abdominal wall, so 
that when the eloaeal membrane breaks down, the nrogen- 
ital sinns opens onto the snrfaee of the eranial aspeet of the 
penis. Plastie snrgery is the required treatment. 
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primitive streak 


body stalk 



embryonie dise 
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embryonie mesenehyme 



eloaeal membrane 


tail fold 


absenee of mesenehyme here 
is responsible for exstrophy 

of the bladder 
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CD Figure 21-7 A. Exstrophy of the bladder. B. Dorsal view of the ennbryonie dise. The 
nornnal path taken by the growing ennbryonie nnesenehynne in the region of the eloaea is 
shown. e. Fetus as seen fronn the side. The head and tail folds have developed, but the 
nnesenehynne has failed to enter the ventral body wall between the eloaea and the unnbili- 
eal eord. 
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CD Fìgure 21-8 Types of hypospadias: (1) glandular, 
(2) eoronal, (3) penile, (4) penoserotal, and (5) perineal. 
Ventral flexion (ehordee) of the penis also is present. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

A 16-year-old boy reeeived a severe kiek in the right 
flank while playing football at sehool. On examination 
in the emergeney department^ his right flank was se- 
verely brnised, and his right eostovertebral angle was ex- 
tremely tender on palpation. A speeimen of nrine 
showed mieroseopie hematnria. A diagnosis of damage 
to the right kidney was made. 

1. The following statements eoneerning blnnt tranma to 
the kidney are eorreet except which? 

A. The kidney tends to be ernshed between the twelfth 
rib and the vertebral eolnmn. 

B. The kidney ean be injnred by fraetnres of the twelfth 
rib (right kidney) or eleventh and twelfth ribs (left 
kidney). 

e. In most patients the kidney damage is mild and re- 
snlts in nothing more than mieroseopie hematnria^ 
as in this patient. 

D. In severe kidney laeerations^ extensive hemorrhage 
and extravasation of blood and nrine into the 
pararenal fat oeenrs. 

E. In severe kidney laeerations, a mass eansed by ex- 
travasated blood and nrine behind the peritonenm 
may be palpated, espeeially on the right side. 


F. Both kidneys lie on the posterior abdominal wall 
and are at the same vertebral level. 

A 19-year-old boy was involved in a gang fight. It started 
as an argnment bnt quickly worsened into a street brawl 
with the nse of knives. He was examined in the emer- 
geney department and fonnd to have a bleeding stab 
wound in his left flank. A nrine speeimen revealed 
frank blood. 

2. Stab wounds of the kidneys involve other abdominal or- 
gans in a high pereentage of eases. Of the organs listed, 
which one is least likely to be damaged in this patient? 

A. Stomaeh 

B. Spleen 

e. Inferior vena eava 

D. Left eolie flexure 

E. Left snprarenal gland 

F. Goils of jejnnnm 

G. Body of the panereas 

An inebriated 40-year-old man was involved in a fight 
over a woman. The woman's hnsband gave the man a se- 
vere blow to the lower part of the anterior abdominal 
wall, whereupon he donbled up with pain and eollapsed 
on the floor. On admission to the emergeney department 
of the loeal hospital, the man was in a state of shoek and 
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eomplaining of severe pain in the lower abdominal 
region. He was nnable to pass nrine sinee the fight. A di- 
agnosis of rnptnred nrinary bladder was made. 

3. The following statements eoneerning this patient are 
eorreet except whieh? 

A. Reetal examination revealed a bnlging baekward of 
the reetovesieal fossa. 

B. Althongh the patient had eonsnmed a eonsiderable 
volnme of hquor, dnllness was not present on per- 
enssion of the anterior abdominal wall above the 
symphysis pnbis. 

e. The nrine aeenmnlated in the reetovesieal poneh. 

D. A fnll bladder is more likely to be rnptnred by a blow 
to the anterior abdominal wall than an empty 
bladder. 

E. In the adnlt, as the normal bladder fills, its snperior 
wall extends upward into the abdomen, leaving the 
eovering of parietal peritonenm behind. 

A 39-year-old woman was admitted to the loeal hospital 
after experieneing a gnnshot wound to the lower part of 
her baek. Radiographie examination revealed that the 
bnllet was lodged in the vertebral eanal at the level of 
the third Inmbar vertebra. A eomprehensive nenrologie 
examination indieated that a eomplete lesion of the 
eanda equina had oeenrred. 

4. The following statements eoneerning this patient are 
likely to be trne except whieh? 

A. The eanda equina, whieh eonsists of anterior and 
posterior nerve roots below the level of the first Inm- 
bar segment, was seetioned at the level of the third 
Inmbar vertebra. 

B. The preganglionie sympathetie nerve fibers to the 
vesieal sphineter that deseend in the anterior roots of 
the fonrth and fifth Inmbar nerves were seetioned. 

e. The preganglionie parasympathetie fibers to the 
detrnsor mnsele that deseend in the anterior roots 
of the seeond, third, and fonrth saeral nerves were 
seetioned. 

D. The patient would have an antonomons bladder. 

E. The bladder would fill to eapaeity and then overflow. 
E. Mietnrition eonld be aetivated by powerful eontrae- 

tion of the abdominal mnseles and mannal pressnre 
on the anterior abdominal wall in the snprapnbie 
region. 

A 15-year-old boy was taking part in a bieyele raee 
when, on approaehing a steep hill, he stood up on the 
pedals to inerease the speed. His right foot slipped off 
the pedal and he fell violently, his perinenm hitting 
the bar of the bieyele. Several honrs later he was ad- 
mitted to the hospital nnable to mietnrate. On exami- 
nation, he was fonnd to have extensive swelhng of the 
penis and serotnm. A diagnosis of rnptnred nrethra 
was made. 


5. The following statements eoneerning this ease are eor- 
reet except whieh? 

A. Rnptnre of the bnlbons part of the nrethra had taken 
plaee. 

B. The nrine had eseaped from the nrethra and ex- 
travasated into the snperfieial perineal poneh. 

e. The nrine had passed forward over the serotnm and 
penis to enter the anterior abdominal wall. 

D. The nrine had extended posteriorly into the is- 
ehioreetal fossae. 

E. The nrine was loeated beneath the membranons 
layer of snperfieial faseia. 

A 34-year-old man was snffering from postoperative re- 
tention of nrine after an appendeetomy. The patienf s 
nrinary traet was otherwise normal. Beeanse the patient 
was in eonsiderable diseomforfl the resident deeided to 
pass a eatheter. 

6. The following statements eoneerning the eatheteriza- 
tion of a male patient are eorreet except whieh? 

A. Beeanse the external nrethral orifiee is the narrow- 
est part of the nrethra, onee the tip of the eatheter 
has passed this point, fnrther passage shonld be 
easy. 

B. Near the posterior end of the fossa terminalis, a fold 
of mneons membrane projeets from the roof and 
may eateh the end of the eatheter. 

e. The membranons part of the nrethra is narrow and 
fixed and may prodnee some resistanee to the pas- 
sage of the eatheter. 

D. The prostatie part of the nrethra is the widest and 
most easily dilated part of the nrethra and shonld 
eanse no diffienlty to the passage of the eatheter. 

E. The bladder neek is snrronnded by the sphineter 
vesieae and always strongly resists the passage of the 
tip of the eatheter. 

7. An explorer in the Amazon jnngle was fonnd alive af- 
ter having lost eontaet with the ontside world for 6 
months. On physieal examination, he was fonnd to be 
in an emaeiated eondition. On palpation of the ab- 
domen, a ronnded, smooth swelhng appeared in the 
right loin at the end of inspiration. On expiration, the 
swelhng moved upward and eonld no longer be felt. 
What anatomie strnetnre eonld prodnee sneh a 
swelhng? 

8. An intravenons pyelogram revealed that a patienfls left 
kidney was in its normal position, bnt the right kidney 
was sitnated in front of the right saeroiliae joint. Can 
yon explain this on embryologie gronnds? 

9. An examination of a patient revealed that she had a 
horseshoe kidney. What anatomie strnetnre prevents a 
horseshoe kidney from aseending to a level above the 
nmbiliens? 
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10. An intravenons pyelogram revealed that the ealyees 
and pelvis of a patienfs right kidney were grossly dilated 
(a eondition known as hydronephrosis). What embry- 
ologie anomaly may be responsible for this eondition? 

11. A 55-year-old woman was fonnd rolling on her kitehen 
floor^ erying ont from agonizing pain in her abdomen. 
The pain eame in waves and extended from the right 
loin to the groin and to the front of the right thigh. An 
anteroposterior radiograph of the abdomen revealed a 
ealenlns in the right nreter. What eanses the pain when 
a nreteral ealenlns is present? Why is the pain felt in 
sneh an extensive area? Where does one look for the 
eonrse of the nreter in a radiograph? Where along the 
nreter is a ealenlns likely to be held up? 

12. Whieh eongenital anomaly of the nreter is likely to 
present as a ease of nrinary ineontinenee? 


13. Renal pain is a eommon symptom faeed by medieal 
professionals. Deseribe the eonrse taken by pain nerve 
fibers from the kidneys. In whieh regions of the body is 
pain eommonly referred to? 

14. In relation to abdominal tranma, ean yon explain the 
differenees between the bladder position in a ehild 
eompared with that of an adnlt? Does the degree of fill- 
ing of the adnlt bladder affeet the signs and symptoms 
presented by the patient with a rnptnred bladder? Can 
yon explain how it is possible to pass an aspirating 
needle throngh the anterior abdominal wall into the 
fnll bladder in an adnlt without entering the peritoneal 
eavity? 

15. Why is aente eystitis more eommon in females than in 
males? In anatomie terms explain stress ineontinenee. 




1. F is the eorreet answer. Beeanse of the large size of the 
right lobe of the liver, the right kidney lies at a lower 
level than the left kidney. 

2. e is the eorreet answer. The inferior vena eava lies at 
some distanee from the left flank. 

3. E is the eorreet answer. In the adnlt, as the normal blad- 
der fills, its snperior wall bnlges upward into the 
abdomen, peeling off the peritonenm from the poste- 
rior snrfaee of the anterior abdominal wall (see text 

Fig. 21-17). 

4. B is the eorreet answer. The preganglionie sympathetie 
nerve fibers to the vesieal sphineter deseend in the an- 
terior roots of the first and seeond Inmbar nerves and 
were left intaet. 

5. D is the eorreet answer. The snperfieial perineal poneh 
is elosed off posteriorly by the attaehment of the mem- 
branons layer of snperfieial faseia to the posterior mar- 
gin of the nrogenital diaphragm (see text Fig. 21-15). 
Beeanse of this attaehment, the extravasated nrine ean- 
not enter the isehioreetal fossae. 

6. E is the eorreet answer. The bladder neek does not 
eanse obstrnetion to the passage of the eatheter. In this 
patient, the sphineter may provide some minor resis- 
tanee that is easily overeome. 

7. The right kidney was felt. It is the only normal kidney 
that ean be palpated. The lower pole may be felt in a 
thin person at the end of inspiration, when the 


eontraeted diaphragm has pnshed it down to its lowest 
level. When the diaphragm relaxes on expiration, the 
kidney retnrns to its original position. 

8. Both kidneys originate in the pelvis and with develop- 
ment rise up on the posterior abdominal wall nntil the 
hili lie opposite the seeond Inmbar vertebra. Oeeasion- 
ally, one of the kidneys fails to reaeh its normal position. 

9. The bridge of renal tissne, whieh nnites the lower poles 
of the two kidneys to form the horseshoe^ beeomes 
trapped behind the inferior mesenterie artery (see CD 
Fig. 21-3). The artery arrests the aseent of the kidneys. 

10. An aberrant renal artery may eross the pelvinreterie jnne- 
tion and obstrnet the flow of nrine (see CD Fig. 21-3). 

11. Spasm of the smooth mnsele in the wall of the pelvis 
and nreter oeenrs as it attempts to move the ealenlns 
down the nrinary traet. Afferent pain nerve fibers enter 
the spinal eord in the first and seeond Inmbar segments. 
The anterior rami of the first Inmbar nerves are distrib- 
nted in the skin in the Inmbar region and groin as the 
iliohypogastrie and ilioingninal nerves. The pain expe- 
rieneed in the front of the thigh was referred along the 
femoral braneh of the genitofemoral nerve (Lland 2). 
One eonld look for the eonrse of the nreter in front of 
the tips of the transverse proeesses of the Inmbar verte- 
brae, in front of the saeroiliae joint, and in the region of 
the spine of the isehinm. A ealenlns is likely to be held 
up at the pelvinreterie jnnetion, where the nreter 
erosses the pelvie brim and where it enters the bladder. 
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12. The eongenital anomaly is a ease of bifid nreters in 
whieh one nreter opens into the nrinary traet below the 
bladder sphineter in the male, or into the vagina in the 

female (see CD Fig. 21-4). 

13. Renal pain may resnlt from stretehing the renal eapsnle 
or spasm of the smooth mnsele in the pelvis or the 
nreter. The afferent nerve fibers pass throngh the renal 
plexus aronnd the renal artery and aseend to the spinal 
eord throngh the lowest thoraeie splanehnie nerve and 
the sympathetie trnnk. They enter the twelfth thoraeie 
spinal nerve throngh the white rami eommnnieantes 
and the twelfth thoraeie segment of the spinal eord 
throngh the posterior root of the spinal nerve. The pain 
fibers are then believed to aseend to the brain in the lat- 
eral spinal thalamie traets. The pain is referred along 
the distribntion of the snbeostal nerve (T12) to the flank 
and the anterior abdominal wall. 

14. In yonng ehildren, the empty bladder lies in the ab- 
domen; later, as the pelvis enlarges, the bladder sinks to 
beeome a pelvie organ. 

In adnlts, the fnll bladder lies behind the lower part 
of the anterior abdominal wall. Severe tranma to the 
lower abdomen in patients with a fnll bladder may 
eanse the snperior wall of the bladder to rnptnre into 
the peritoneal eavity. The blood and nrine irritates the 
peritonenm, eansing lower abdominal tenderness and 
later mnsele rigidity. 


When the bladder is empty, the anterior wall of the 
bladder lies behind the symphysis pnbis. Tranma to the 
lower abdomen in these eirenmstanees may not dam- 
age the bladder. However, if the pnbie bones are frae- 
tnred, the anterior wall of the bladder may be damaged 
by bone fragments, and nrine eseapes below the reflee- 
tion of the peritonenm and does not enter the peri- 
toneal eavity. Lower abdominal pain and hematnria are 
present in the majority of sneh patients. 

It is possible to pass an aspirating needle throngh 
the lower part of the anterior abdominal wall into the 
fnll bladder in an adnlt without entering the peritoneal 
eavity. This ean be explained beeanse as the bladder 
fills, the snperior wall rises and strips the peritonenm 
off the lower part of the anterior abdominal wall. 
Thns, the aspirating needle will enter the bladder be- 
low the peritoneal refleetion and avoid the peritoneal 
eavity. 

15. Aente eystitis is mneh more eommon in females than 
males beeanse the nrethra is mneh shorter. In females 
the nrethra measnres 1.5 in. long, whereas in males the 
nrethra measnres abont 8 in. long, and thns baeteria 
have a shorter distanee to travel in the female. 

Stress ineontinenee nsnally follows a diffienlt 
ehildbirth, where there has been injnry to the pelvie 
floor. This resnlts in an alteration in the position of the 
bladder neek relative to the nrethra. 
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THE SERDTHM 


Lymph Drainage oi the Seratnin 

It is important to remember that the lymph drainage of the 
serotal wall, inelnding the faseia and tnniea vaginalis, is into 
the snperfieial ingninal nodes. The lymph drainage of the 
testis and epididymis (whieh develop on the posterior ab- 
dominal wall) is into the Inmbar or paraaortie nodes at the 
level of the first Inmbar vertebra. 

Hydrneele 

This is an aeenmnlation of flnid within the tnniea 
vaginalis. Most hydroeeles are idiopathie, bnt some may be 
eansed by spread of infeetion from the testis or epididymis. 
Tapping a hydroeele is deseribed on CD page 314. 



THE TESTIS ANH 
THE EPIDIHYMIS 

Varieoeele 

A varieoeele is a eondition in whieh the veins of the 
pampiniform plexus are elongated and dilated. It is a eom- 
mon disorder in adoleseents and yonng adnlts, with most oe- 
enrring on the left side. This is thonght to be beeanse the 
right testienlar vein joins the low-pressure inferior vena 
eava, whereas the left vein joins the left renal vein, in whieh 
the venons pressnre is higher. Rarely, malignant disease of 
the left kidney extends along the renal vein and bloeks the 
exit of the testienlar vein. A rapidly developing left-sided 
varieoeele shonld therefore always lead one to examine the 
left kidney. 
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Malignant Trnnor nf the Testis 

A malignant tnmor of the testis spreads upward via the lymph 
vessels to the Inmbar (paraaortie) lymph nodes at the level of 
the first Inmbar vertebra. It is only later, when the tnmor 
spreads loeally to involve the tissnes and skin of the serotnm, 
that the snperfieial ingninal lymph nodes are involved. 

Torsinn of the Testis 

Torsion of the testes is a rotation of the testis aronnd the sper- 
matie eord within the serotnm. It is often assoeiated with an 
exeessively large tnniea vaginalis. Torsion eommonly oeenrs 
in aetive yonng men and ehildren and is aeeompanied by 
severe pain. If not treated quiekly, the testienlar artery may 
be oeelnded, followed by neerosis of the testis. 

mNGENITAL 

ANDMALIES DL 
THE TE5TI5 

The testis may be snbjeet to the following eongenital 
anomalies: 

■ Anterior inversion, in whieh the epididymis lies anteri- 
orly and the testis and the tnniea vaginalis lie posteriorly 

■ Polar inversion, in whieh the testis and epididymis are 
eompletely inverted 



■ Imperfeet deseent (eryptorehidism): 

ineomplete deseent (CD Fig. 22-1), in whieh the 
testis, althongh traveling down its normal path, fails to 
reaeh the floor of the serotnm. It may be fonnd within the 
abdomen, within the ingninal eanal, at the snperfieial 
ingninal ring, or high up in the serotnm. 

Maldeseent (CD Fig. 22-2), in whieh the testis 

travels down an abnormal path and fails to reaeh the 
serotnm. It may be fonnd in the snperfieial faseia of the 
anterior abdominal wall above the ingninal ligament, in 
front of the pnbis, in the perinenm, or in the thigh. 

It is neeessary for the testes to leave the abdominal eav- 
ity beeanse the temperatnre there retards the normal proeess 
of spermatogenesis. If an ineompletely deseended testis is 
bronght down into the serotnm by snrgery before pnberty, it 
will develop and fnnetion normally. A maldeseended testis, 
althongh often developing normally, is snseeptible to tran- 
matie injnry and, for this reason, shonld be plaeed in the 
serotnm. Many anthorities believe that the ineidenee of tu- 
mor formation is greater in testes that have not deseended 
into the serotnm. 

Appendk nf the Testis and 
Appendk nf the Epididytnis 

These are embryologie remnants fonnd at the npper poles of 
these organs that may beeome eystie. The appendix of the 
testis is derived from the paramesonephrie dnets, and the ap- 
pendix of the epididymis is a remnant of the mesonephrie 
tnbnles. 



CD Fìgure 22-1 Four degrees of ineomplete deseent 
of the testis. 1. In the abdominal eavity elose to the 
deep inguinal ring. 2. In the inguinal eanal. 3. At 
the superficial inguinal ring. 4. In the upper part of 
scrotum. 
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CD Fìgure 22-2 Four types of maldeseent of the testis. 1 . In 
the superficial faseia of the anterior abdominal vvall, above 
the superficial inguinal ring. 2. At the root of the penis. 3. In 
the perineum. 4. In the thigh. 


THE VAS DEFERENS 


VaseetDmy 

Bilateral vaseetomy is a simple operation performed to pro- 
duee infertility. Under loeal anesthesia, a small ineision is 
made in the npper part of the serotal wall, and the vas def- 
erens is divided between ligatnres. Spermatozoa may be pre- 
sent in the first few postoperative ejaenlations, bnt that is 
simply an emptying proeess. Now only the seeretions of the 
seminal vesieles and prostate eonstitnte the seminal flnid, 
whieh ean be ejaenlated as before. 


THE PRDSTATE 


ProstatE ExaminatÌDn 




estrogens eirenlating in the bloodstream. The seeretions of 
the prostate are ponred into the nrethra dnring ejaenlation 
and are added to the seminal flnid. Aeid phosphatase is an 
important enzyme present in the seeretion in large 
amonnts. When the glandnlar eells prodneing this enzyme 
eannot diseharge their seeretion into the dnets, as in earei- 
noma of the prostate, the sernm aeid phosphatase level of 
the blood rises. 

It has been shown that traee amonnts of proteins 
prodneed speeifieally by prostatie epithelial eells are fonnd 
in peripheral blood. In eertain prostatie diseases, notably 
eaneer of the prostate, this protein appears in the blood in 
inereased amonnts. The speeifie protein level ean be mea- 
snred by a simple laboratory test ealled the PSA (prostatie- 
speeifie antigen) test. 

Denign EnlargEment nf the Prastate 

Benign enlargement of the prostate is eommon in men 
older than 50 years. The eanse is possibly an imbalanee in 
the hormonal eontrol of the gland. The median lobe of the 
gland enlarges upward and eneroaehes within the sphine- 
ter vesieae, loeated at the neek of the bladder. The leakage 
of nrine into the prostatie nrethra eanses an intense reflex 
desire to mietnrate. The enlargement of the median and 
lateral lobes of the gland prodnees elongation and lateral 
eompression and distortion of the nrethra so that the pa- 
tient experienees diffienlty in passing nrine and the stream 
is weak. Baekpressnre effeets on the nreters and both 
kidneys are a eommon eomplieation. The enlargement 
of the nvnla vesieae (owing to the enlarged median lobe) 
resnlts in the formation of a poneh of stagnant nrine 
behind the nrethral orifiee within the bladder (CD Fig. 
22-3). The stagnant nrine frequently beeomes infeeted, 
and the inflamed bladder (eystitis) adds to the patienfs 
symptoms. 

In all operations on the prostate, the snrgeon regards 
the prostatie venons plexus with respeet. The veins have thin 
walls, are valveless, and are drained by several large trnnks 
direetly into the internal iliae veins. Damage to these veins 
ean resnlt in a severe hemorrhage. 

PrDstate CancBr and the Prastatie 
VenDDS Plexus 


The prostate ean be examined elinieally by palpation by per- 
forming a reetal examination (see CD Chapter 19). The ex- 
aminehs gloved finger ean feel the posterior snrfaee of the 
prostate throngh the anterior reetal wall. 

Prnstate Aetivity and Disease 

It is now generally believed that the normal glandnlar 
aetivity of the prostate is eontrolled by the androgens and 


Many eonneetions between the prostatie venons plexus and 
the vertebral veins exist. Dnring eonghing and sneezing or 
abdominal straining, it is possible for prostatie venons blood 
to flow in a reverse direetion and enter the vertebral veins. 
This explains the frequent oeenrrenee of skeletal metastases 
in the lower vertebral eolnmn and pelvie bones of patients 
with eareinoma of the prostate. Caneer eells enter the sknll 
via this ronte by floating up the valveless prostatie and verte- 
bral veins. 
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urethra 


CD Fìgure 22-3 Sagittal seetion of a prostate that 
had undergone benign enlargement of the median 
lobe. Note the bladder pouch filled with stagnant 
urine behind the prostate. 





Glands 

The bulbourethral glands are the eommon sites for ehronie 
venereal infeetion (e.g., gonorrhoea). The organisms reaeh 
the gland by aseending from the bulbous part of the nrethra 
along the duet of the gland. 


THE PEN S 


Circunicision 

Cireumeision is the operation of removing the greater part 
of the prepnee, or foreskin. In many newborn males, the 
prepnee eannot be retraeted over the glans. This ean resnlt 
in infeetion of the seeretions beneath the prepnee, leading 
to inflammation, swelhng, and fibrosis of the prepnee. Re- 
peated inflammation leads to eonstrietion of the orifiee of 
the prepnee (phimosis) with obstrnetion to nrination. It is 
now generally believed that ehronie inflammation of the 
prepnee predisposes to eareinoma of the glans penis. For 



these reasons, prophylaetie eireumeision is eommonly prae- 
tieed. For Jews, it is a religions rite. 

IJrBthral InfEetÌDn 

See CD Chapter 21. 

eathBtBrizatinn 

See CD Chapter 21. 

Blnnt Tranma tn the Penis 

This may eanse penile fraetnre when it is in the ereet state. 
A transverse laeeration of the fibrous envelopes of the eree- 
tile tissne of the penis oeenrs followed by the formation of a 
large hematoma; the base of the penis is the eommon site of 
injnry. Rnptnre of the penile nrethra may also oeenr and is 
aeeompanied by a bloody nrethral diseharge. 

PEnetrating Tranma tn the Penis 

This may injnre the skin, faseia, ereetile tissue, and nrethra. 
Ampntation of the entire penis should be repaired by anas- 
tomosis using mierosurgieal teehniques to restore eontinn- 
ity of the main blood vessels. 

Gtrangnlatinn nf tha Penis 

Strangnlation of the penis by means of a ring or ligatnre may 
eause isehemia of the entire penis. It is imperative that the 
eonstrietion be removed without delay to avoid eompromis- 
ing the blood supply. 
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Phimosis 

In this eondition the opening in the prepnee is narrowed so 
that it is impossible to retraet the prepnee over the glans pe- 
nis. Oeeasionally the narrowing is so extreme that the nri- 
nary flow is obstrneted. The nsnal eanse of the eondition is 
infeetion nnder the prepnee, eansing fibrosis and snbse- 
quent eontraetion of the prepnee. 

Ereetian and Ejaenlatinn after 
Spinal Enrd Injnries 

Ereetion of the penis is eontrolled by the parasympathetie 
nerves that originate from the seeond, third, and fonrth 
saeral segments of the spinal eord. Bilateral damage to the 
retienlospinal nerve traets in the spinal eord will resnlt in 
loss of ereetion. Later, when the effeets of spinal shoek have 
disappeared, spontaneons or reflex ereetion may oeenr if the 
saeral segments of the spinal eord are intaet. 

Ejaenlation is eontrolled by sympathetie nerves 
that originate in the first and seeond Inmbar segments of 
the spinal eord. As in the ease of ereetion, severe bilateral 


damage to the spinal eord resnlts in loss of ejaenlation. 
Later, reflex ejaenlation may be possible in patients with 
spinal eord transeetions in the thoraeie or eervieal regions. 



Meatal Stenosis 

See CD Ghapter 21. 

Elypospadias 

See CD Chapter 21. 

Epispadias 

See CD Chapter 21. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

A 55-year-old man was admitted to the hospital with a large 
hard, fixed, intraabdominal mass. On examination of the ab- 
domen, the mass was sitnated on the transpylorie plane and 
appeared to be attaehed to the posterior abdominal wall. 
The ingninal lymph nodes were normal. 

1. The symptoms and signs displayed by this patient ean 

be explained by the following statements except whieh? 

A. Radiologie examination of the stomaeh showed 
nothing abnormal. 

B. The right testiele was enlarged and was mneh 
harder than normal. 

e. A diagnosis of malignant disease of the right testis 
was made. 

D. The malignant tnmor had metastasized to the Inm- 
bar lymph nodes lying on the transpylorie plane on 
the posterior abdominal wall, whieh is the normal 
lymphatie drainage of the testis. 

E. In malignant disease of the testis the snperfieial 
ingninal lymph nodes only beeome involved if the 
tnmor spreads to involve the serotal skin. 

E. The normal testis is tethered to the skin of the 
serotnm. 


While bathing her 5-month-old boy^ a mother no- 
tieed that his penis tended to enrve downward. She 
deeided to seek adviee from a pediatrieian. 

2. The pediatrieian examined the ehild and made the 
following possible eorreet observations and statements 
except whieh? 

A. The penis had a definite downward enrvatnre 
(ehordee). 

B. Both testes were in the serotnm. 

e. The external nrethral meatns opened halfway along 
the nndersnrfaee of the penis. 

D. The fnsion of the genital folds on the ventral or un- 
dersnrfaee of the shaft of the penis was ineomplete 
so that the nrethra opened on the ventral snrfaee. 

E. The eondition is a rare eongenital anomaly. 

3. The pediatrieian made the following possible eorreet 
statements to the mother regarding the diagnosis and 
treatment except whieh? 

A. The ehild had hypospadias assoeiated with ehordee. 

B. The proximal portion of the penile nrethra had 
developed normally bnt was ineomplete. 

e. The bnd of eells (eetodermal) on the tip of the glans 
penis had failed to grow into the snbstanee of the 
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glans and join with the eells (entodermal eells) of 
the penile nrethra. 

D. The treatment is the snrgieal eorreetion of the 
ehordee, whieh is followed by the plastie reeon- 
strnetion of the penile nrethra. 

E. In view of the delieate tissnes involved, the treat- 
ment shonld be delayed nntil the ehild is at least 10 
years old. 

4. A 65-year-old man with a history of prostatie disease was 
fonnd on radiographie examination of his skeleton to 
have extensive eareinomatons metastases in his sknll 
and Inmbar vertebrae. His PAS levels in his blood were 
very mneh higher than normal. Using yonr knowledge 
of anatomy, ean yon snggest a possible ronte taken by 
the eaneer eells as they migrated from the prostate to (1) 
the Inmbar vertebrae and (2) the sknll? 

5. An 88-year-old man had a history of prostatie disease. 
His latest symptoms inelnded diffienlty in starting to 
mietnrate, a poor nrinary stream, and diffienlty in stop- 
ping the flow of nrine. Whieh lobe or lobes of the 
prostate are related to the sphineter vesieae? The en- 
largement of whieh lobe is likely to interfere with the 
sphinetePs fnnetion? 

6. A 6-year-old boy was examined by a pediatrieian and 
fonnd to have no testiele present in the right side of his 
serotnm. On earefnl palpation, a deep, firm ovoid strne- 
tnre eonld be felt above the medial part of the ingninal 
ligament. What is the diagnosis? Is snrgieal treatment 
neeessary? 

7. An I8-year-old boy, at a medieal examination for ad- 
mission to the army, was fonnd to have no testis in the 
left side of the serotnm. Nothing abnormal eonld be 
palpated in the ingninal eanal, bnt a small, firm ovoid 
strnetnre eonld be felt in front of the npper part of the 


left thigh. What is the diagnosis? Is snrgieal treatment 
required? 

8. A 25-year-old man developed a swelhng above the me- 
dial end of the right ingninal ligament. It was assoeiated 
with a dnll, aehing pain, bit it did not expand on eongh- 
ing. On palpation, the swelhng appeared to flnetnate, 
and on grasping the right testis throngh the serotal wall 
and gently pnlling it inferiorly^ the swelhng moved me- 
dially along the ingninal eanal. What was the swelhng? 
Why did it move with the testis? 

9. A patient snffering from tnberenlosis of the left epi- 
didymis was fonnd to have an nleer on the posterior snr- 
faee of the serotnm. Whieh gronp of lymph nodes 
would yon examine for loeal spread of the disease? 

10. A resident was asked to examine the vas deferens of a pa- 
tient. Where would yon examine the vas deferens and 
what does a normal vas feel like? 

11. In a patient with a history of venereal disease, a large, 
flnetnant swelhng developed in front of the left testis. 
From yonr knowledge of anatomy, and given that there 
is flnid present in the serotnm, where in the serotnm is 
the flnid likely to eolleet? 

12. A 50-year-old man was fonnd on examination to have a 
small eystie swelling above his right testis. What 
anatomie strnetnre is likely to be involved? Can yon ex- 
plain the presenee of this strnetnre embryologieally? 

13. A 25-year-old man was fonnd, dnring a physieal exami- 
nation, to have an abnormal serotnm. On feeling the 
serotnm with the palm of the hand, it felt like a bag of 
worms. This sitnation was eansed by an enlargement of 
the pampiniform plexus on the left side. The physieian 
examined the serotnm and then the left kidney. Can 
yon explain why he shonld examine the left kidney? 





1. F is the eorreet answer. The normal testis is freely mo- 
bile within the serotnm and is not tethered to the snb- 
entaneons tissne or skin. 

2. E is the eorreet answer. The eondition is one of the 
most eommon eongenital anomalies affeeting the male 
nrethra. 

3. E is the eorreet answer. The snrgieal treatment shonld 
start at abont the age of 2 years and be eomplete before 
the ehild goes to sehool. Little boys like to look the same 
as other little boys. 


4. The prostatie venons plexus is drained into the internal 
iliae veins. Large valveless veins also eonneet the plexus 
to the valveless vertebral veins. On eonghing or sneez- 
ing, the blood may be foreed from the prostatie plexus 
in the pelvis into the vertebral veins. Dislodged prosta- 
tie eaneer eells may be earried along this ronte to the 
vertebral eolnmn. They may also pass up the vertebral 
plexus to enter the veins of the sknll. 

5. The median (middle) lobe of the prostate is loeated be- 
tween the prostatie nrethra and the ejaenlatory dnets, 
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just inferior to the sphineter vesieae. Benign hypertro- 
phy of the median lobe resnlts in its upward expansion 
within the sphineter vesieae. The sphineter ean no 
longer fnnetion effeetively, and nrine eontinnes to drib- 
ble into the urethra, giving the patient an intense desire 
to eontinne to mietnrate. 

6. The boy had an ineompletely deseended testis on the 
right side. The right testis was sitnated in the ingninal 
eanal. Spontaneons deseent of the testis nsnally oeenrs 
without treatment. The injeetion of gonadotropie hor- 
mone ean be nsed to speed up the deseent. However, if 
the deseent has not oeenrred by the age of 10 years, sur- 
gieal treatment is neeessary to plaee the testis in the 
serotnm. The high temperatnre of the abdominal eavity 
and ingninal eanal inhibits normal spermatogenesis. 

7. The boy had a maldeseended testis on the left side. 
Instead of following the gubernaeulum down into the 
serotnm, it passed laterally and eame to rest in the su- 
perfieial faseia in the upper part of the left thigh. A 
maldeseended testis is very prone to injnry and shonld 
be plaeed in the serotnm by snrgieal means. 

8. The patient had a right eneysted hydroeele of the sper- 
matie eord. This is a eyst in the remnant of the upper 
part of the proeessus vaginalis and is eonneeted to the 
tnniea vaginalis by a fibrons strand (a fnrther remnant 
of the proeessns). On pnlling down the testis and the 


tnniea vaginalis, the eyst was pnlled medially by the 
fibrons strand. 

9. The skin of the serotnm, the faseia, and the tnniea vagi- 
nalis drain their lymph into the snperfieial ingninal 
lymph nodes. 

10. Palpate the upper part of the serotum between finger 
and thumb, and you ean roll the vas deferens as a eord- 
like strueture. It has a smooth external wall and is firm 
in eonsisteney. Remember there are two sides and to 
always eompare the two. 

11. The tnniea vaginalis eovers the front and sides of the 
testis, and the viseeral layer is in direet eontaet with the 
tnniea albnginea of the testis. Infeetion eanses an ex- 
eessive prodnetion and aeeumulation of fluid within 
the tnniea, a eondition known as hydroeele. 

12. The patient has a eyst of the appendix of the testis, a 
strueture that is derived embryologieally from the para- 
mesonephrie duet. 

13. The left pampiniform plexus is drained by the left 
testienlar vein, whieh is drained into the left renal vein. 
A malignant tumor of the left kidney eould spread along 
the left renal vein, bloeking the exit of the left testienlar 
vein and eansing eongestion and varieosity of the left 
pampiniform plexus. This is a rare eause. The majority 
of varieoeeles are idiopathie. 
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THE VHLVA 


Vulval Infeetion 

In the region of the vnlva, the presenee of nnmerons glands 
and dnets opening onto the snrfaee makes this area prone to 
infeetion (see text Fig. 23-7). The sebaeeons glands of the 
labia majora, the dnets of the greater vestibnlar glands, the 
vagina (with its indireet eommnnieation with the peritoneal 
eavity), the nrethra, and the paranrethral glands ean all be- 
eome infeeted. The vagina itself has no glands and is lined 
with stratified squamous epithelinm. Provided that the pH 
of its interior is kept low, it is eapable of resisting infeetion to 
a remarkable degree. 

The Vulva and Pregnaney 

An important sign in the diagnosis of pregnaney is the ap- 
pearanee of a blnish diseoloration of the vnlva and vagina as 
a resnlt of venons eongestion. It appears at the eighth to 
twelfth week and inereases as the pregnaney progresses. 


THE HRETHRA 


IJrEthral InfEdinn 

The short length of the female nrethra predisposes to as- 
eending infeetion; eonsequently^ eystitis is more eommon 
in females than in males. 

IJrEthral InjnrÌES 

Beeanse of the short length of the nrethra, injnries are rare. In 
fraetnres of the pelvis, the nrethra may be damaged by shear- 
ing forees as it emerges from the fixed nrogenital diaphragm. 

CathEtErizatinn 

Beeanse the female nrethra is shorter, wider, and more di- 
latable, eatheterization is mneh easier than in males. More- 
over, the nrethra is straighp and only minor resistanee is felt 
as the eatheter passes throngh the nrethral sphineter. 


THE DVARY 


Pnsitinn nf tha Dvary 

The ovary is kept in position by the broad ligament and the 
mesovarinm (see text Fig. 23-10). After pregnaney, the 





broad ligament is lax, and the ovaries may prolapse into the 
reetonterine poneh (poneh of Donglas). In these eirenm- 
stanees, the ovary may be tender and eanse diseomfort on 
sexual intereonrse (dysparennia). An ovary sitnated in the 
reetonterine poneh may be palpated throngh the posterior 
fornix of the vagina. 

Cysts nf thE Dvary 

Follienlar eysts are eommon and originate in nnrnptnred 
graafian follieles; they rarely exeeed 0.6 in. (1.5 em) in di- 
ameter. Lnteal eysts are formed in the eorpns Intenm. 
Flnid is retained, and the eorpns Intenm eannot beeome 
fibrosed. Lnteal eysts rarely exeeed 1.2 in. (3 em) in 
diameter. 

DnngBnital AnnmalÌES nf thB Dvary 

Ovarian Dysgenesis 

Gomplete failnre of both ovaries to develop is fonnd in 
TnrneFs syndrome. The elassie featnres of this syndrome 
are webbed neek, short stoeky bnild, inereased earrying an- 
gle of the elbows, laek of seeondary sex eharaeteristies, and 
amenorrhea. 

imperfeet Deseent of the Ovary 

The ovary may fail to deseend into the pelvis or very rarely 
may be drawn downward with the ronnd ligament of the 
nterns into the ingninal eanal or even into the labinm 
majns. 

THE HTERINE 
TURE 

ThE UtErinE TnhE as a Cnnduit 
fnr InfEetinn 

The nterine tnbe lies in the npper free border of the broad 
ligament (see text Fig. 23-10) and is a direet ronte of eom- 
mnnieation from the vnlva throngh the vagina and nterine 
eavity to the peritoneal eavity. 

PbIvìe Inflammatnry DisEasE 

The pathogenie organism(s) enter the body throngh sexual 
eontaet and aseend throngh the nterns and enter the nter- 
ine tnbes. Salpingitis may follow, with leakage of pns into 
the peritoneal eavity, eansing pelvie peritonitis. A pelvie 
abseess nsnally follows, or the infeetion spreads farther, 
eansing general peritonitis. 
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CD Fìgure 23-1 An eetopie pregnaney 
loeated vvhere the ampulla of the uterine 
tube narrovvs dovvn to join the isthmus. 
Note the thin tubal vvall eompared to the 
thiek decidua that lines the body of the 
uterus. 


Eetopie Pregnaney 

Implantation and growth of a fertilized ovnm may oeenr ont- 
side the nterine eavity in the wall of the nterine tnbe (CD Fig. 
23-1). This is a variety of eetopie pregnaney. There being no 
deeidna formation in the tnbe, the eroding aetion of the tro- 
phoblast quiekly destroys the wall of the tnbe. Tnbal abortion 
or rnptnre of the tnbe, with the effnsion of a large quantity of 
blood into the peritoneal eavity, is the eommon resnlt. 

The blood ponrs down into the reetonterine poneh 
(poneh of Donglas) or into the nterovesieal poneh. The blood 
may quiekly aseend into the general peritoneal eavity, giving 
rise to severe abdominal pain, tenderness, and gnarding. Irri- 
tation of the snbdiaphragmatie peritonenm (snpplied by 
phrenie nerves C3, C4, and C5) may give rise to referred pain 
to the shonlder skin (snpraelavienlar nerves C3 and C4). 


Anteriorly: The anterior strnetnres inelnde the 

1. Opposite the terminal phalanx are the reetonterine 
poneh of Donglas, the vagina, and the eervix. 

2. Opposite the middle phalanx are the nrogenital di- 
aphragm and the vagina. 

3. Opposite the proximal phalanx are the perineal body 
and the lower part of the vagina. 

Posteriorly: The posterior strnetnres inelnde the 

1. The saernm, eoeeyx, and anoeoeeygeal body 

Laterally: The lateral strnetnres inelnde the following: 

1. The isehioreetal fossae and isehial spines 




Tuhal Ligatian 

Ligation and division of the nterine tnbes is a method of ob- 
taining permanent birth eontrol and is nsnally restrieted to 
women who already have ehildren. The ova that are dis- 
eharged from the ovarian follieles degenerate in the tnbe 
proximal to the obstrnetion. If, later, the woman wishes to 
have an additional ehild, restoration of the eontinnity of the 
nterine tnbes ean be attempted, and, in abont 20% of 
women, fertilization oeenrs. 


THE HTERHS 


neetal Eiaminatian 

The following strnetnres ean be palpated by the gloved in- 
dex finger inserted into the anal eanal and reetnm in the 

healthy patient (CD Fig. 23-2 and see CD Fig. 23-8). 



ttimannal Pelvie Examinatinn nf 
ttiB Uterus 

A great deal of nsefnl elinieal information ean be obtained 
abont the state of the nterns, nterine tnbes, and ovaries from 
a bimannal examination. The examination is easiest in 
parons women who are able to relax while the examination is 
in progress. In patients in whom it eanses distress, the exami- 
nation may be performed nnder an anesthetie. With the blad- 
der empty, the vaginal portion of the eervix is first palpated 
with the index finger of the right hand. The external os is eir- 
enlar in the nnlliparons woman bnt has anterior and posterior 
lips in the mnltiparons woman. The eervix normally has the 
eonsisteney of the end of the nose, bnt in the pregnant nterns 
it is soft and vasenlar and has the eonsisteney of the lips. The 
left hand is then plaeed gently on the anterior abdominal wall 
above the symphysis pnbis, and the fnndns and body of the 
nterns may be palpated between the abdominal and vaginal 
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external os of uterus 

A 


head of baby 



B 


CD Figure 23-2 A. Reetal exanni- 
nation in a pregnant vvonnan 
shovving hovv it is possible to 
palpate the cervix throogh the 
anterior reetal vvall. B. Position of 
the episiotonny ineision in a 
vvonnan during the seeond stage 
of labor. The baby's head is pre- 
senting at the vaginal orifiee. 


fingers sitnated in the anterior fornix. The size, shape, and 
mobility of the nterns ean then be aseertained. 

In most women, the nterns is anteverted and anteflexed. 
A retroverted, retroflexed nterns ean be palpated throngh 
the posterior vaginal fornix. 

MSie ANATDMY DF 
A NDRMAL 
PREDNANLY 

As the fetns enlarges, the nterns inereases in size, and 
the fnndns gradnally rises ont of the pelvie eavity (CD Fig. 


23-3). The aseent of the fnndns is fairly nniform. At 12 
weeks, it lies jnst above the symphysis pnbis; at 20 weeks, it 
lies abont halfway between the symphysis pnbis and the um- 
biliens; at 24 weeks, it is level with the nmbiliens; at 32 
weeks, it lies halfway between the nmbiliens and the 
xiphoid proeess; at 36 weeks, it has reaehed the xiphoid 
proeess; and at 40 weeks; in the first pregnaney, the fetns 
sinks downward as the presenting part enters the pelvie eav- 
ity and the fnndns again takes up the position halfway be- 
tween the xiphoid and the nmbiliens. In mnltipara, the pre- 
senting part of the fetns deseends at a later date. 

Fnrther evidenee of fetal growth ean be determined by 
the mother first reeognizing movements of the fetns (quiek- 
ening), whieh nsnally oeenrs between the sixteenth and twen- 
tieth weeks of pregnaney. Fetal heart sonnds may be heard as 
early as the twelfth week, when a Doppler stethoseope is nsed. 
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32 vveeks 


24 vveeks 


symphysis pubis 




36 vveeks 
40 vveeks 

32 vveeks 
28 vveeks 

24 vveeks 
20 vveeks 

12 vveeks 


CD Fígure 23-3 The height of the fundus of the uterus at 
various vveeks of pregnaney. A. As seen in sagittal seetion. 
B. As felt through the anterior abdominal vvall. 


Ultrasound Anatomy oi thE 
Developing Fetns 

With sequential longitudinal and transverse seans of the 
nterns, the developing fetns, amniotie flnid, and plaeenta 
ean be stndied. The gestational sae ean be reeognized at 
abont 5 weeks after the first day of the last menstrnal period. 
By 6 to 7 weeks the fetal pole (extreme end or ends of fetns) 
ean be visnalized, and the beating heart ean be seen. Later, 
the fetal head, trnnk, and limbs ean be identified (see text 

Fig. 23-30). 

Anatomy of Childbirth 

Labor Paìns 

The nnderlying eanse of labor pains is believed to be the 
anoxia of the nterine mnsele brought about by the nterine 
eontraetions. Afferent pain fibers from the fnndns and body 
of the uterus aseend to the spinal eord through the hypogas- 
trie plexuses, entering the eord throngh the posterior roots of 
the tenth, eleventh, and twelfth thoraeie spinal nerves. Sen- 
sory fibers from the eervix rnn in the pelvie splanehnie 
nerves and enter the spinal eord throngh the posterior roots 
of the seeond, third, and fonrth saeral nerves. Gontraetion 
pains from the fnndns and body are referred to the lower 


part of the anterior abdominal wall and the lower part of the 
baek (dermatomes TIO throngh T12). 

Labor 

Labor, or partnrition, is the series of proeesses by whieh the 
baby, the fetal membranes, and the plaeenta are expelled 
from the genital traet of the mother. Foreefnl uterine eon- 
traetions oeenrring at regnlar intervals indieate the onset of 
labor. The first stage is dilatation of the eervix. The seeond 
stage is expulsion of the fetns. The third stage begins im- 
mediately following the delivery of the baby and ends with 
expulsion of the plaeenta and fetal membranes. 

Dnration of labor: This depends on (1) the strength and 
frequeney of the nterine eontraetions and (2) the resis- 
tanee offered to the passage of the baby by the bony pelvis 
and the soft tissnes of the lower part of the genital traet, 
namely, the eervix, the vagina, the pelvie floor, and the 
perinenm. The approximate length of eaeh stage is as fol- 
lows: first stage, 9 1/2 hours; seeond stage, 50 minntes; 
and third stage, 10 minntes. In mnltigravida the duration 
of the first and seeond stages is shorter beeanse of the re- 
dneed resistanee offered by the maternal soft tissues. 
Proeesses of Labor: Dnring the first stage of labor, the 
hquor amnii and the fetal membranes are foreed down 
into the eervieal eanal as a hydrostatie wedge, and the 
eervix slowly dilates (CD Fig. 23-4). The pnlling away of 
the membranes from the nterine wall in the region of the 
internal os of the eervix eanses a little bleeding, and this, 
together with the eervieal plng of mueus that fills the 
eanal of the eervix, forms the so-ealled bloody show. The 
rnptnre of the membranes and the eseape of the hquor 
amnii usually oeenr when the first stage of labor is well 
advaneed. The eseape of the liquor amnii allow the 
nterns to exert pressnre direetly on the baby and foree it 
down. 

Dnring the seeond stage of labor, the eombined aetions 
of the very strong nterine eontraetions and the reflex and 
voluntary eontraetions of the abdominal mnseles foree the 
baby through the maternal passages (CD Fig. 23-5). 

The pelvie floor, formed by the levatores ani and eoe- 
eygens mnseles, serves an important fnnetion during the 
seeond stage of labor. From their origin on the two sides of 
the pelvis, the mnsele fibers slope downward and baekward 
in the midline, produeing a gntter that slopes downward 
and forward. To begin with, the long axis of the baby's 
head is transversely positioned at the pelvie inlet. When 
the head reaehes the pelvie floor, the gntter shape of the 
floor tends to eause the baby's head to rotate, so that its 
long axis eomes to lie in the anteroposterior position, with 
the oeeipnt anteriorly in the majority. The oeeipital part of 
the head now moves downward and forward along the gnt- 
ter nntil it lies under the pubie areh. As the baby's head 
passes through the lower part of the birth eanal, the small 
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plaeenta 


nmbilieal eord 


amnion and ehorion 



uterus 


. cervix 


vagina 



amniotie fluid 


eervieal eanal 
mucous plug 




vagina 


hydrostatie 


wedge (bag 



bloody show 


CD Fìgure 23-4 A. The relation of the 
fetus to the uterus, plaeenta, and the 
fetal membranes at the fortieth week of 
pregnaney. B and C. The cervix dilat- 
ing during the first stage of labor as the 
result of the fetal membranes being 
foreed down into the eervieal eanal as a 
hydrostatie wedge. The bloody show 
eonsists of the mucous plug from the 
eervieal eanal mixed with the small 
amount of bleeding that occurs follow- 
ing separation ofthefetal membrane 
from the uterine wall in the region of 
the internal os. 


gap that exists in the anterior part of the pelvie floor be- 
eomes enormonsly enlarged, so that the head may slip 
throngh into the perinenm. Onee the baby has passed 
throngh the perinenm, the levatores ani mnseles reeoil and 
take up their previons position. 

The third stage of labor then eommenees, and the 
nterns eontraets downward so that the fnndns lies at the 
level of the nmbiliens. Rhythmie nterine eontraetions eon- 
tinne, as in the seeond stage, bnt they are painless. Separa- 
tion of the plaeenta from the nterine wall takes plaee. As the 
nterns diminishes in size, there is a deerease in the snrfaee 
area at the site of plaeental attaehment. The plaeenta, being 
nnable to aeeommodate itself to the deereased area, begins 
to fold up and is squeezed off the nterine wall (CD Fig. 23- 
6). Separation takes plaee at the spongy layer of the deeidna, 
and some bleeding oeenrs. In a similar manner, the fetal 
membranes and the remains of the deeidna are squeezed 
from the remainder of the nterine wall. As the plaeenta is fi- 
nally expelled from the nterns by the nterine eontraetions, 
the membranes that are attaehed to it are dragged after it 
and peeled off from the inner snrfaee of the nterns. The ex- 
pelled plaeenta and fetal membranes are often referred to as 


the afterbirth. The nterine mnsele beeomes firmly eon- 
traeted and little bleeding oeenrs. 

The Uteru3 in Pregnaney 

Dnring pregnaney, the nterns beeomes greatly enlarged as 
a resnlt of the inereasing prodnetion of estrogens and prog- 
esterone, first by the eorpns Intenm of the ovary and later 
by the plaeenta. At first it remains as a pelvie organ, bnt by 
the third month the fnndns rises ont of the pelvis, and by 
the ninth month it has reaehed the xiphoid proeess (see 
CD Fig. 23-3). The inerease in size is largely a resnlt of 

hypertrophy of the smooth mnsele fibers of the my- 
ometrinm, althongh some hyperplasia takes plaee. 

Rnle nf the Uterus in the Dnset 
nf Lahnr 

Normally labor takes plaee at the end of the tenth Innar 
month, at whieh time the pregnaney is said to be at term. 
The eanse of the onset of labor is not definitely known. By 
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CD Fìgure 23-5 Stages in rotation of 
the baby's head during the seeond 
stage of labor. The shape of the pelvie 
floor plays an innportant part in this 
proeess. 


the end of pregnaney, the eontraetility of the nterns has 
been fnlly developed in response to estrogen, and it is par- 
tienlarly sensitive to the aetions of oxytoein at this time. It is 
possible that the onset of labor is triggered by the sndden 
withdrawal of progesterone. Onee the presenting part (usu- 
ally the fetal head) starts to streteh the eervix, it is thonght 
that a nervons reflex meehanism is initiated and inereases 
the foree of the eontraetions of the nterine body. 



uterus 


umbilical eord 


CD Fìgure 23-6 The third stage of labor shovving the sep- 
arated plaeenta vvith the attaehed fetal membranes about to 
be expelled through the vagina. 


The nterine mnsenlar aetivity is largely independent 
of the extrinsie innervation. In women in labor^ spinal 
anesthesia does not interfere with the normal nterine eon- 
traetions. Severe emotional distnrbanee, however, ean 
eanse prematnre partnrition. 

Injury to the Perineum during 
ehildbirth 

The perineal body is a wedge of fibromnsenlar tissne that 
lies between the lower part of the vagina and the anal eanal. 
It is held in position by the insertion of the perineal mnseles 
and by the attaehment of the levatores ani mnseles. In the 
female, it is a mneh larger strnetnre than in the male, and it 
serves to snpport the posterior wall of the vagina. Damage by 
laeeration dnring ehildbirth ean be followed by permanent 
weakness of the pelvie floor. 

Few women eseape some injnry to the birth eanal dnr- 
ing delivery. In mosh this is little more than an abrasion of 
the posterior vaginal wall. Spontaneons delivery of the ehild 
with the patient nnattended ean resnlt in a severe tear of the 
lower third of the posterior wall of the vagina, the perineal 
body, and overlying skin. In severe tears, the laeerations may 
extend baekward into the anal eanal and damage the exter- 
nal sphineter. In these eases, it is imperative that an aeenrate 
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repair of the walls of the anal eanal, vagina, and perineal 
body be nndertaken as soon as possible. 

In the management of ehildbirth^ when it is obvions to 
the obstetrieian that the perinenm will tear before the 
baby's head emerges throngh the vaginal orifiee, a planned 
snrgieal ineision is made throngh the perineal skin in a 
posterolateral direetion to avoid the anal sphineters. This 
proeednre is known as an episiotomy (see CD Fig. 23-2). 
Breeeh deliveries and foreeps deliveries are nsnally pre- 
eeded by an episiotomy. 

Varieosed Veins and Hemorrhoids 
in Pregnaney 

Varieosed veins and hemorrhoids are eommon eonditions 
in pregnaney. The following faetors probably eontribnte to 
their eanse: pressnre of the gravid nterns on the inferior vena 
eava and the inferior mesenterie vein^ impairing venons re- 
tnrn, and inereased progesterone levels in the blood, leading 
to relaxation of the smooth mnsele in the walls of the veins 
and venons dilatation. 



THE ANATDMY DT 
EMERGENEY 
EESAREAN SEETIDN 


An emergeney eesarean seetion is rarely performed. How- 
ever, a physieian may need to perform this snrgery in eases 
in whieh the mother may die after snffering a severe tran- 
matie ineident. Following maternal death, plaeental eiren- 
lation eeases, and the ehild mnst be delivered within 10 
minntes; after a delay of more than 20 minntes, neonatal 
snrvival is rare. 

The Anatamy nf the Teehnigne 

1. The bladder is emptied, and an indwelhng eatheter is 
left in position. This allows the empty bladder to sink 
down away from the operating field. 

2. A midline skin ineision is made that extends from jnst 
below the nmbiliens to jnst above the symphysis pnbis. 
The following strnetnres are then ineised: snperfieial 
faseia, fatty layer, and membranons layer; deep faseia 
(thin layer); linear alba; faseia transversalis; extraperi- 
toneal fatty layer; and parietal peritonenm. To avoid 
damaging loops of the small intestine or the greater 
omentnm, whieh might be lying beneath the parietal 
peritonenm, a fold of peritonenm is raised between 


two hemostats; an ineision is then made between the 
hemostats. 

3. The bladder is identified, and a ent is made in the floor 
of the nterovesieal poneh. The bladder is then sepa- 
rated from the lower part of the body of the nterns and 
depressed downward into the pelvis. 

4. The nterns is palpated to identify the presenting part of 
the fetns. 

5. A transverse ineision abont 1 in. (2.5 em) long is made 
into the exposed lower segment of the body of the 
nterns. Care is taken that the nterine wall is not imme- 
diately penetrated and the fetns injnred. 

6. When the nterine eavity is entered, the amniotie eavity 
is opened, and amniotie flnid spnrts. The nterine inei- 
sion is then enlarged snffieiently to deliver the head and 
trnnk of the fetns. When possible, the large tribntaries 
and branehes of the nterine vessels in the myometrial 
wall are avoided. Creat eare has to be taken to avoid the 
large nterine arteries that eonrse along the lateral mar- 
gin of the nterns. 

7. Onee the fetns is delivered, the nmbilieal eord is 
elamped and divided. 

8. The eontraeting nterns will eanse the plaeenta to bnlge 
throngh the nterine ineision. The plaeenta and fetal 
membranes are then delivered. 

9. The nterine ineision is elosed with a fnll-thiekness eon- 
tinnons sntnre. The peritonenm over the bladder and 
lower part of the nterine body is then repaired to restore 
the integrity of the nterovesieal poneh. Finally, the ab- 
dominal wall ineision is elosed in layers. 



PRDLAPSE DE 
THE HTERHS 


The great importanee of the tone of the levatores ani mnseles 
in snpporting the nterns has already been emphasized. The 
importanee of the transverse eervieal, pnboeervieal, and 
saeroeervieal ligaments in positioning the eervix within the 
pelvie eavity has been eonsidered. Damage to these strnetnres 
dnring ehildbirth or general poor body mnsenlar tone may re- 
snlt in downward displaeement of the nterns ealled nterine 
prolapse. It most eommonly reveals itself after menopanse, 
when the viseeral pelvie faseia tends to atrophy along with the 
pelvie organs. In advaneed eases, the eervix deseends the 
length of the vagina and may protrnde throngh the orifiee. 

Beeanse of the attaehment of the eervix to the vaginal 
vanlt, it follows that prolapse of the nterns is always aeeom- 
panied by some prolapse of the vagina. 
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HYSTERECTDMY 
AND DAMAGE TD 
THE DRETER 

During the surgical proeednre of hystereetomy, great eare 
must be exercised to not damage the nreters. When the sur- 
geon is looking for the nterine artery on eaeh side at the base 
of the broad ligament (see text Fig. 23-10), it is essential that 
he or she first identifies the nreter before elamping and ty- 
ing off the artery. The nterine artery passes forward from the 
internal iliae artery and erosses the nreter at right angles to 
reaeh the cervix at the level of the internal os. 




Agenesis oi the Rterns 

Rarely the nterns will be absent as the resnlt of a failnre of 
the paramesonephrie dnets to develop. 

Infantile Rterns 

Some adnlts may have an infantile nterns, a eondition in 
which the uterus is much smaller than normal and resem- 
bles that present before pnberty. Amenorrhea is present, bnt 
the vagina and ovaries may be normal. 

Failnre of Fnsion of the 

Paramesonephrie Dnets 

Failnre of the paramesonephrie dnets to fnse may eanse a 
variety of nterine defeets: (1) The nterns may be dnpli- 
eated with two bodies and two eerviees; (2) there may be a 
eomplete septnm throngh the nterns, making two nterine 
eavities and two eerviees; (3) there may be two separate 
nterine bodies with one cervix; (4) one paramesonephrie 
dnet may fail to develop, leaving one nterine tnbe and half 
of the body of the nterns. eiinieally, the main problems 
with a donble nterns may be seen when pregnaney oeenrs. 
Abortion is frequent, and the nonpregnant half of the 
nterns may eanse obstrnetion at labor. 



The Plaeenta and Bleeding in 
Late Pregnaney 

The eommon eanses of snbstantial vaginal bleeding in the 
third trimester are plaeenta previa and plaeental abrnption. 

Plaeenta Previa 

Plaeenta previa oeenrs in abont 1 of every 200 pregnaneies. 
It is more eommon in multiparous women and in those who 
have had snrgery on the lower part of the nterns. Normally, 
the plaeenta is sitnated in the npper half of the uterus. 
Shonld implantation oeenr in the lower half of the body of 
the nterns, the eondition is ealled plaeenta previa. 

Three types of plaeenta previa may be reeognized 
(CD Fig. 23-7): eentral plaeenta previa, in which the 

Type 1 




lateral plaeenta previa 


lateral plaeenta previa 



marginal plaeenta previa 


eentral plaeenta previa 


CD Figure 23-7 The different types of plaeenta previa. 
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entire internal os is eovered by plaeental tissne; marginal 
plaeenta previa, when the edge of the plaeenta is en- 
eroaehing on the internal os; and a low-lying lateral pla- 
eenta previa, when the plaeenta lies low down in the 
nterns, lateral to the internal os. Severe, painless hemor- 
rhage oeenrring from the twenty-eighth week onward is the 
elinieal sign of plaeenta previa and is eansed by expansion 
of the lower half of the nterine wall at this time and by its 
tearing away from the plaeenta. 

Plaeental Abruption 

Plaeental abrnption is the prematnre separation of the pla- 
eenta in whieh normal implantation has oeenrred. It oeenrs 
in abont 1% of pregnaneies. It is more eommon in mnlti- 
parons women and in women with hypertension in preg- 
naney. As the plaeenta separates, hemorrhage oeenrs; the 
blood elot disseets the fetal membranes away from the nter- 
ine wall. The blood nsnally eseapes throngh the eervix or 
rnptnres into the amniotie eavity. The blood irritates the 
myometrinm, and nterine mnsele tone is inereased, whieh 
resnlts in eontraetions. The plaeental eirenlation is 


eompromised by the plaeental separation and the 
inereased pressnre on the plaeenta by the inereased nterine 
tone. 


THE VAG M 


Vaginal ExaminatÌDn 

The anatomie relations of the vagina are of great elinieal 
importanee. Many pathologie eonditions oeenrring in the 
female pelvis may be diagnosed nsing a simple vaginal 
examination. 

The following strnetnres ean be palpated throngh the 
vaginal walls from above downward: 

■ Anteriorly: The bladder and the nrethra (CD Fig. 23-8) 

■ Posteriorly: Loops of ilenm and the sigmoid eolon in 
the reetonterine peritoneal poneh (poneh of Donglas), 
the reetal ampnlla, and the perineal body (see CD Fig. 

23-8) 



eoil of ileom 


peritoneum 


eavity of uterus 


uterovesical pouch 



rectouterine pouch 


bladder 


anoeoeeygeal body 


urogenital diaphragm 


CD Fìgure 23-8 Sagittal seetion of the female pelvis. 
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■ Laterally: The ureters, the pelvie faseia and the ante- 
rior fibers of the levatores ani mnseles, and the nro- 
genital diaphragm 

Prolapse of the Vagina 

The vaginal vanlt is snpported by the same strnetnres that 
snpport the iiterine cervix. Prolapse of the nterns is 
neeessarily assoeiated with some degree of sagging of the 
vaginal walls. However, if the snpports of the bladder, nre- 
thra, or anterior reetal wall are damaged in ehildbirth, 
prolapse of the vaginal walls oeenrs, with the nterns re- 
maining in its eorreet position. 

Sagging of the bladder resnlts in the bnlging of the an- 
terior wall of the vagina, a eondition known as a eystoeele. 
When the ampnlla of the reetnm sags against the posterior 
vaginal wall, the biilge is ealled a reetoeele. 

CuldGCBnlesis 


Cnngenital Annmalies nf me 
Vagina 

Vaginal Agenesis 

If the paramesonephrie dnets fail to develop, the wall of the 
nrogenital sinns will fail to form the vaginal plate. In these 
patients, there is an absenee of the vagina, nterns, and nter- 
ine tnbes. Plastie snrgieal eonstrnetion of a vagina shonld be 
attempted. 

Double Vagina 

A donble vagina is eansed by ineomplete eanalization of the 
vaginal plate. 

Imperforate Vagina and Imperforate 
Hymen 


The eloseness of the peritoneal eavity to the posterior vagi- 
nal fornix enables the physieian to drain a pelvie abseess 
throngh the vagina without performing a major operation. 
It is also possible to identify blood or pns in the peritoneal 
eavity by the passage of a needle throngh the posterior 
fornix. 

Anatomie Structures through which 
the Needle Passes 

The needle passes throngh the mneons membrane of the 
vagina, mnsenlar eoat of the vagina, eonneetive tissne eoat 
of the vagina, viseeral layer of pelvie faseia, and viseeral layer 
of peritonenm. 


Imperforate vagina is eansed by a failure of the eells to de- 
generate in the eenter of the vaginal plate. Imperforate hy- 
men is eansed by a failnre of the eells of the lower part of 
the vaginal plate and wall of the urogenital sinns to degen- 
erate. These eonditions lead to retention of the menstrnal 
flow, a elinieal eondition ealled hematoeolpos. Snrgieal 
ineision of the obstrnetion, followed by dilatation, relieves 
the eondition. 

THE VISEERAL 
PELVIE EA5EIA 



Anatomie Features of the 
Gomplieations of Culdocentesis 

Comphcations are as follows: (1) The loops of ilenm and 
the sigmoid eolon, strnetnres that are normally present 
within the poneh of Donglas, eonld be impaled by the 
needle. However, the presenee of blood or pns within the 
poneh tends to defleet the viseera snperiorly. (2) Oeea- 
sionally, when the nterns is somewhat retroflexed, the 
needle may enter the posterior wall of the body of the 
nterns. 

Vaginal Tranma 

Goital injnry, pieket fenee-type of impalement injnry, and 
vaginal perforation eansed by water nnder pressnre, as oe- 
enrs in water skiing, are eommon injnries. Laeerations of 
the vaginal wall involving the posterior fornix may violate 
the poneh of Donglas of the peritoneal eavity and eanse pro- 
lapse of the small intestine into the vagina. 


Viseeral Pelvie Faseia and Infedinn 

eiinieally, the pelvie faseia in the region of the nterine 
cervix is often referred to as the parametrinm. It is a eom- 
mon site for the spread of aente infeetions from the nterns 
and vagina, and here the infeetion often beeomes ehronie 
(pelvie inflammatory disease). 



The RBdnnlErinB Pnneh and DisBase 

Sinee the reetonterine poneh (poneh of Donglas) is the 
most dependent part of the entire peritoneal eavity (see CD 
Fig. 23-8) (when the patient is in the standing position), it 
frequently beeomes the site for the aeenmnlation of blood 
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(from a ruptured eetopie pregnaney) or pns (from a rup- 
tured pelvie appendieitis or in gonoeoeeal peritonitis). 

Beeanse the poneh lies direetly behind the posterior 
fornix of the vagina, it is eommonly violated by misgnided 
nonsterile instruments, whieh pieree the wall of the poste- 
rior fornix in a failed attempt at an illegal abortion. Pelvie 
peritonitis, often with fatal eonsequenees, is the almost 
eertain resnlt. 


A needle may be passed into the poneh throngh the 
posterior fornix in the proeednre known as enldoeentesis 
(see CD p. 406). Snrgieally, the poneh may be entered in 

posterior eolpotomy. 

The interior of the female pelvie peritoneal eavity may 
be viewed for evidenee of disease throngh an endoseope; 
the instrument is introdneed throngh a small eolpotomy 
ineision. 




Read the following ease histories/questions and give 
the best answer for eaeh. 

1. The following anatomie statements eoneerning uterine 
prolapse are eorreet except whieh? 

A. The most important snpport to the nterns is the tone 
of the levatores ani mnseles. 

B. The transverse eervieal, pnboeervieal, and saeroeer- 
vieal ligaments play an important role in snpporting 
the nterns. 

e. Damage to the levatores ani and the eervieal liga- 
ments dnring ehildbirth ean be responsible for pro- 
lapse of the nterns. 

D. Prolapse most eommonly reveals itself before 
menopanse. 

E. Prolapse of the uterus is always aeeompanied by 
some prolapse of the vagina. 

A 25-year-old woman was seen in the emergeney de- 
partment eomplaining of severe pain in the right iliae 
region. Jnst before admission she had fainted. On phys- 
ieal examination, her abdominal wall was extremely 
tender on palpation in the lower right ^nadranp and 
some rigidity and gnarding of the lower abdominal 
mnseles were notieed. A vaginal examination revealed 
a rather soft eervix with a eirenlar external os. A tender 
“dongh-like” mass eonld be felt throngh the posterior 
fornix. The patient had missed her last period. 

2. The following statements eoneerning this patient are 
eorreet except whieh? 

A. A diagnosis of ruptured eetopie pregnaney was 
made. 

B. Tubal pregnaneies eommonly oeenr where the am- 
pnlla narrows to join the isthmus. 

e. Eaeh uterine tnbe is sitnated in the base of the broad 
ligament. 

D. An eetopie tnbal pregnaney almost invariably resnlts 
in rnptnre of the tnbe with severe intraperitoneal 
hemorrhage. 


E. Tubal rnptnre oeenrs as a resnlt of the eroding 
aetion of the trophoblast. 

E. Onee a tnbal pregnaney dies the deeidnal lining of 
the nterns begins to be shed beeanse of laek of 
hormonal snpport, and this eanses vaginal bleed- 
ing. 

G. The dongh-like mass is prodneed by the aeenmnla- 
tion of blood in the poneh of Donglas. 

A 35-year-old woman was seen by her gyneeologist 
eomplaining of a swelhng in the genital region. On 
examination, a tense eystie swelhng was fonnd be- 
neath the posterior two thirds of the right labinm ma- 
jns and minns. A diagnosis of a eyst of the right greater 
vestibnlar gland (Bartholin's eyst) was made. 

5. The following statements eoneerning this ease are 
probably eorreet except whieh? 

A. The eyst of the greater vestibnlar gland is prodneed 
by the retention of seeretion eansed by the bloekage 
of the dnet. 

B. Infeetion of the dnet by the gonoeoeens is a eom- 
mon eanse of the bloekage. 

e. Infeetion of the eyst may oeenr, forming a painfnl 
abseess. 

D. The lymphatie drainage of this area is into the lateral 
gronp of snperfieial ingninal nodes. 

E. A small tender swelhng was deteeted below and me- 
dial to the ingninal ligament. 

4. In anatomie terms explain the proeednre of 
enldoeentesis. 

5. A 23-year-old woman was seen in the emergeney de- 
partment with severe vaginal bleeding. She was 35 
weeks pregnant. On questioning she stated that she 
had slight bleeding a week previonsly bnt this had 
stopped spontaneonsly. There was absolntely no pain 
assoeiated with the bleeding. On examining the ab- 
domen, it was fonnd that the fetal head was high, and 
it was not possible to make it enter the pelvis. The 
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uterus had a normal eonsisteney and was not tender. 
On examination of the genital organs, no eause for the 
bleeding eould be determined. A diagnosis of plaeenta 
previa was made. What is plaeenta previa? What is the 
eause of the bleeding? Why is the bleeding painless? 

6. What is believed to be the eause of pain in labor? De- 
seribe the pathways taken by the afferent pain fibers in 
labor and explain the distribntion of the areas of re- 
ferred pain. 

7. The postnatal vaginal examination of a young woman 
revealed that the fundus and body of the uterus eould 
be palpated in the reetonterine poueh (poueh of Dou- 
glas). What is the normal position of the uterus? 

8. A multiparous 57-year-old woman visited her physi- 
eian eomplaining of a “bearing-down” feeling in the 
pelvis and of low baekaehe, both of whieh were worse 
when she was tired. On vaginal examination, the 
external os of the eervix was found to be loeated just 
within the vaginal orifiee. A diagnosis of nterine 
prolapse was made. What are the main snpports of 
the uterus? 

9. During the vaginal examination of a multiparous 
woman, she was asked to strain downward. The anterior 
wall of the vagina was found to sag downward. A diag- 
nosis of prolapsed anterior vaginal wall was made. What 
struetures lie anterior to the vagina and will sag down- 
ward with the vaginal wall? 

10. A 65-year-old woman went to her physieian eomplain- 
ing of irritation, diseharge, and bleeding of the genital 
region. On physieal examination, a hard-based uleer 


was found on the medial aspeet of the right labinm 
majus. A diagnosis of squamous eell eareinoma of the 
skin was made. What is the lymphatie drainage of this 
region, and whieh group of lymph nodes would you 
therefore examine for evidenee of metastases? 

11. A mother took her 15-year-old danghter to a physieian 
beeanse she had failed to start to menstrnate. On exam- 
ination the ehild was noted to be short and stoeky with 
a webbed neek. She had an abnormally large earrying 
angle of the elbow (eubitus valgus), a broad ehest with 
laek of breast development, and an absenee of pubie 
and axillary hair. No fnrther abnormalities were found 
on physieal examination. What is your diagnosis? What 
investigations would you undertake to eonfirm your di- 
agnosis? How would you treat this patient? 

12. Dnring the third stage of labor, the plaeenta and fetal 
membranes are expelled from the uterus. The obstetri- 
eian or midwife must earehilly examine the plaeenta 
and the membranes to make sure that no part of them 
has been retained in the uterus. What is the approxi- 
mate diameter and thiekness of a normal plaeenta? 
Deseribe the appearanee of the maternal and fetal sur- 
faees of a full-term plaeenta. Is it possible to separate the 
amnion from the ehorion? 

13. A 12-year-old girl was taken to a pediatrieian beeanse 
she experieneed eyelie monthly pain, but there was no 
aetnal menstrnal flow. On physieal examination of the 
vulva, the hymen was seen as a bnlging septnm. No 
vaginal orifiee eould be deteeted. What is your diagno- 
sis? How would you explain this eondition embryologi- 
eally? How would you treat this patient? 




1. D is the eorreet answer. Prolapse of the uterus most of- 
ten reveals itself after menopanse, when the pelvie fas- 
eia tends to atrophy. 

2. e is the eorreet answer. Eaeh nterine tube is situated in 
the upper free margin of the broad ligament (see text 

Fig. 23-10). 

3. D is the eorreet answer. The lymphatie drainage of 
this area is into the medial group of superfieial in- 
gninal nodes sitnated below the ingninal ligament. 
The spread of infeetion ean resnlt in an enlargement 
of one of the nodes, as in this ease, whieh beeomes 
tender to palpation. 

4. See disenssion of enldoeentesis in this ehapter. 


5. Normally the plaeenta is sitnated in the upper half of 
the uterus. Should implantation oeeur in the lower half 
of the body of the uterus, the eondition is ealled pla- 
eenta previa. As the lower half of the body of the uterus 
dilates toward the end of pregnaney, the plaeenta is sep- 
arated from the nterine wall and hemorrhage oeenrs. 
The bleeding is painless sinee the blood eseapes 
throngh the eervix, and the uterus does not eontraet and 
is not distended. 

6. The eause of labor pains has been fully diseussed in this 
ehapter, as have the path taken by the afferent pain 
fibers from the uterus and the areas of the body to whieh 
labor pains are referred. 




The Perìneum, the Female Genìtal Organs, and Chìldbirth 409 


7. The long axis of a normal nterns nsnally lies at right an- 
gles to the long axis of the vagina (anteverted); the body 
of the nterns is also bent forward on the eervix at the in- 
ternal os (anteflexion). 

8. The nterns is mainly snpported by the tone of the leva- 
tores ani mnseles and the ligaments of the viseeral layer 
of pelvie faseia, namely, the transverse eervieal, saero- 
eervieal, and pnboeervieal ligaments. 

9. The nrethra lies direetly in eontaet with the lower half 
of the anterior vaginal wall, and the bladder lies in eon- 
taet with the npper half of the vaginal wall. The bnlging 
downward of the bladder with the anterior vaginal wall 
is referred to as a eystoeele. 

10. The vnlva is drained into the medial gronp of horizon- 
tal snperfieial ingninal nodes. 

11. This ease is a typieal example of Tnrnehs syndrome, in 
whieh there is eomplete failnre of both ovaries to de- 
velop. In Tnrner's syndrome the eells have only 45 
ehromosomes beeanse one X ehromosome is missing 
(XO). In this ease the elinieal signs and symptoms make 
the diagnosis obvions. A simple bneeal smear and the 
finding of absent nnelear sex ehromatin make the diag- 
nosis absolnte. In diffienlt eases, where the diagnosis is 
in donbh enldoseopy shows the absenee of ovaries in 
the pelvis. Sinee these individnals are females in ap- 
pearanee and psyehologieal ontlook, they shonld be 
bronght up as females. The eyelie administration of es- 


trogen and progesterone in this ease will bring abont 
the development of normal female seeondary sexual 
eharaeteristies and eyelie menstrnal fnnetion. 

12. The normal plaeenta is flattened and eirenlar in 
shape, with a diameter of abont 8 in. (20 em) and a 
thiekness of abont 1 in. (2.5 em). The maternal snr- 
faee is dark red in eolor and oozes blood from the torn 
maternal vessels. It has a sponge-like eonsisteney. The 
onter snrfaee is rongh, and the margins of the lobnles 
or eotyledons may be reeognized. The fetal snrfaee is 
smooth and shining and is eovered by amnion^ whieh 
is fnsed with the nnderlying ehorion. The nmbilieal 
eord is attaehed near its eenter, and the nmbilieal ves- 
sels radiate ont nnder the amnion from the point of at- 
taehment. The amnion may be peeled from the 
ehorion up to the nmbilieal eord. This proeednre 
shonld always be earried ont following delivery to de- 
termine if the ehorion is eomplete and to make snre 
that some part has not been retained in the nterns ad- 
herent to the deeidna. 

13. This girl has an imperforate hymen. The pelvie dis- 
eomfort and the absenee of menstrnal flow are dne to 
the aeenmnlation of blood and old menstrnal seere- 
tions (hematoeolpos) above the intaet hymen. This 
eondition is eansed by a failnre of the eells of the lower 
part of the vaginal plate and the wall of the nrogenital 
sinns to degenerate. Snrgieal ineision of the hymen, 
followed by dilatation, enres the eondition. 
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A pituitary tumor elassieally pushes the diaphragma sellae 
upward and eanses pressnre on the optie ehiasma. This re- 
sults in interferenee with the fnnetion of the nerve fibers 
erossing in the ehiasma (from the inner quadrants of the 
retina), and the patient presents with bitemporal hemi- 
anopia (see text Fig. 15-lB). Fnrther expansion of the pitu- 
itary tnmor eanses erosion of the body of the sphenoid bone. 


Pituitary Gland (Hypophysis Cerebri) 

Pituìtary Enlargement and the 
Optie ehiasma 

Sinee the pitnitary is loeated in the bony sella tnreiea, en- 
largement eanses it to expand snperiorly (see text Fig. 24-2). 


Gigantism and Aeromegaly 

Exeessive prodnetion of the growth hormone by the soma- 
totrope eells of the pars anterior or by tnmors of these eells 
ean produee abnormal growth of the skeleton. Gigantism 
oeeurs in the yonng before the epiphyses in long bones fnse 
with the diaphysis. The growth hormone stimnlates the ear- 
tilage eells of the epiphyseal eartilage to eontinne laying 
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down new matrix, so that fnsion of the epiphyses with the 
shaft of long bones is delayed and the bones lengthen enor- 
monsly. In this way, giants 9 ft tall have been prodneed be- 
fore the epiphyseal eartilage finally stops growing. 

Aeromegaly is a form of abnormal skeletal and soft tis- 
sne growth that oeenrs after adoleseenee, following the fu- 
sion of the epiphyses in long bones with the diaphysis. In 
this disease, the individnal eannot grow taller, bnt over- 
growth oeenrs in the bones and soft tissnes of the forehead, 
nose, lower jaw, hands, and feet. In the fnlly developed syn- 
drome, the prominent snpraorbital ridges and mandible, the 
very large nose, and the very large, thiek hands and feet 
make the diagnosis relatively easy. 

Dwarfism 

A defieieney in the growth hormone seereted by the soma- 
totrope eells of the pars anterior dnring ehildhood leads to 
pitnitary dwarfism. Growth does not stop entirely, and the 
different parts of the body are in relatively normal propor- 
tions. The person is of normal intelligenee, bnt the faeial 
skin is often wrinkled and sexual matnration is delayed. 

Diabetes lnsipidus 

This syndrome resnlts from a lesion of the snpraoptie and 
paraventrienlar nnelei of the hypothalamns and a failnre of 
these eells to synthesize the antidinretie hormone^ or from 
destrnetion of the hypothalamohypophysial traet. There are 
many eanses of this syndrome, inelnding eerebral tnmors, 
eerebral abseesses, snrgieal or radiation damage, and head 
injnries. 

Gharaeteristieally, the patient passes large volnmes of 
nrine (polynria) of low speeifie gravity. The absenee of an- 
tidinretie hormone resnlts in a failnre to eonserve water, 
whieh is not reabsorbed in the eolleeting tnbnles of the kid- 
neys. As a resnlt, the patient is extremely thirsty (polydipsia) 
and drinks large quantities of flnids. The eondition mnst be 
distingnished from diabetes mellitns, in whieh there is 
glneosnria. 

Pineal Gland 

Pineal Calcification 

With age, the pineal gland aeenmnlates magnesinm phos- 
phate and earbonate within the glial eells and eonneetive 
tissne. These deposits are nsefnl to radiologists, beeanse 
they serve as a landmark and assist in determining whether 
the pineal gland has been displaeed laterally by a spaee- 
oeenpying lesion within the sknll. 

Pineal Tymors and Reproductive 
Function 

Pineal tnmors may have an antigonadotropie effeet. As they 
inerease in size, they may obstrnet the eerebral aqueduet of 


the midbrain, prodneing hydroeephalns. Oeeasionally, the 
tnmor destroys the pineal gland and eanses preeoeions 
pnberty. 

Thyroid Gland 

Swellings of the Thyroid Gland and 
Movement on SwalÌowing 

The thyroid gland is invested in a sheath derived from the 
pretraeheal faseia (see text Fig. 24-10). This tethers 
the gland to the larynx and the traehea and explains 
why the thyroid gland follows the movements of the lar- 
ynx in swallowing. This information is important be- 
eanse any pathologie neek swelling that is part of the 
thyroid gland will move upward when the patient is asked 
to swallow. 

The Thyroid Gland and the Airway 

The elose relationship between the traehea and the lobes 
of the thyroid gland eommonly resnlts in pressnre on the 
traehea in patients with pathologie enlargement of the 
thyroid. 

Retrosternal Goiter 

The attaehment of the sternothyroid mnseles to the thyroid 
eartilage effeetively binds down the thyroid gland to the lar- 
ynx and limits upward expansion of the gland. There being 
no limitation to downward expansion, it is not nneommon 
for a pathologieally enlarged thyroid gland to extend down- 
ward behind the sternnm. A retrosternal goiter (any abnor- 
mal enlargement of the thyroid gland) ean eompress the 
traehea and eanse dangerons dyspnea; it ean also eanse se- 
vere venons eompression. 

Thyroid Arteries and Important Nerves 

It shonld be remembered that the two main arteries snpply- 
ing the thyroid gland are elosely related to important nerves 
that ean be damaged dnring thyroideetomy operations (CD 
Fig. 24-1). The snperior thyroid artery on eaeh side is re- 
lated to the external laryngeal nerve, whieh snpplies the 
erieothyroid mnsele. The terminal branehes of the inferior 
thyroid artery on eaeh side are related to the reenrrent la- 
ryngeal nerve. Damage to the external laryngeal nerve 
resnlts in an inability to tense the voeal folds and in hoarse- 
ness. For the resnlts of damage to the reenrrent laryngeal 
nerve, see CD page 24. 

Thyroideetomy and The Parathyroid 
Glands 

The parathyroid glands are nsnally fonr in nnmber and are 
elosely related to the posterior snrfaee of the thyroid gland 
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CD Figure 24-1 The pharynx, esoph- 
agus, and traehea as seen from the 
posterior aspeet. Note the positions of 
the thyroid and parathyroid glands 
and the relationships of the large 
blood vessels and nerves. The dotted 
lines indieate the level of the erieothy- 
roid membrane. 


(see CD Fig. 24-1). In partial thyroideetomy, the posterior 
part of the thyroid gland is left nndistnrbed so that the 
parathyroid glands are not damaged. The development of 
the inferior parathyroid glands is elosely assoeiated with the 
thymns. For this reason it is not nneommon for the snrgeon 
to find the inferior parathyroid glands in the snperior medi- 
astinnm beeanse they have been pnlled down into the tho- 
rax by the thymns. 

Hyperthyroidìsm 

In hyperthyroidism (thyrotoxieosis, Grave's disease), 
whieh is eommon in middle-aged women^ the thyroid 
gland is diffnsely enlarged. The walls of the thyroid folli- 
eles are mneh infolded, and the epithelial eells lining the 
follienlar walls are taller than normal. Prodnetion of the 
thyroid hormones is greatly inereased, and the eolloid 
present is nsnally redneed in volnme. The sernm thyroid- 
stimnlating hormone level is normal or below normal. In 
most patients, there is a thyroid-stimnlating immnnoglob- 
nlin in the blood that is eapable of stimnlating inereased 
thyroid aetivity. 

The symptoms of hyperthyroidism are eansed by 
the exeessive stimnlation of the tissnes by the thyroid hor- 
mones. There is exeessive sweating and loss of weight; 
inereased nervonsness, with fine tremor of the extended 
fingers; intoleranee to heat; and mnsenlar weakness. 


The hair thins, and the eyes may protrnde (exophthalmos). 
The heart rate is inereased and frequent bowel movements 
may oeenr; the menstrnal periods may be missed or seanty. 
Three forms of therapy are available for the treatment of 
hyperthyroidism: (1) snrgieal exeision of thyroid tissne, (2) 
antithyroid drngs, and (3) radioaetive iodine. 

Hypothyroidism 

Hypothyroidism oeenrs in two forms: eretinism in infants 
and myxedema in adnlts. 

Cretinism ean oeenr as a resnlt of a failnre in the de- 
velopment of the thyroid gland. The ehild is born with a 
normal appearanee, eansed by the mother's thyroid hor- 
mones having erossed the plaeenta. Soon after birth, the 
ehild shows signs of retarded mental and physieal growth. If 
eretinism is diagnosed early and the ehild is given adequate, 
lifelong thyroid hormone therapy^ he or she will develop 
normally and live a normal life. 

Myxedema may be eansed in adnlts by many eondi- 
tions ranging from spontaneons degeneration of the thyroid 
gland to hypopitnitarism or hypothalamie failnre. Exeessive 
treatment of hyperthyroidism with drngs or snrgery is an- 
other possible eanse. The majority of the patients are fe- 
male. The symptoms inelnde the slowing of mental and 
physieal proeesses of the individnal. There is an inerease in 
body weight and a preferenee for a warm environment. 
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thyroglossal eyst 




thyroglossal fistnla 


CD Fìgure 24-2 A thyroglossal 
eyst in the nnidline in the neek and 
a thyroglossal fistula. 


Gonstipation is present, and the heart rate is slowed. The 
skin is dry and eold, and the hair is dry and brittle and tends 
to fall ont. Libido is diminished in both sexes, and menor- 
rhagia is eommon in the female. The eondition ean be 
sneeessfnlly treated by the daily oral administration of the 
thyroid hormones. 


ineomplete Deseent of the Thyroid 

The deseent of the thyroid may be arrested at any point 
between the base of the tongne and the traehea (CD Fig. 
24-2). Lingual thyroid is the most eommon form of in- 
eomplete deseent (CD Fig. 24-3). The mass of tissne 


Thyroid Tumors 

Benign thyroid tnmors oeenr in the form of adenomas. 
Careinoma of the thyroid gland is relatively rare. 


eongenital Anomalies of the 
Thyroid Gland 

Agenesis of the Thyroid 

Failnre of development of the thyroid gland may oeenr and 
is the eommonest eanse of eretinism. 



CD Fìgure 24-3 Lingual thyroid. (Courtesy of J. Randolph.) 
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found just beneath the foramen eeenm may be snffieiently 
large to obstrnet swallowing in the infant. 

Eetopie Thyroid Tissue 

Eetopie thyroid tissne is oeeasionally found in the thorax in 
relation to the traehea or bronehi or even the esophagns. It 
is assnmed that this thyroid tissne arises from entodermal 
eells displaeed dnring the formation of the laryngotraeheal 
tnbe or from entodermal eells of the developing esophagns. 

Persistent Thyroglossal Duct 

Gonditions related to a persistenee of the thyroglossal duet 
usually appear in ehildhood, in adoleseenee, or in young 
adnlthood. 

Thyroglossal Cyst 

Gysts may oeenr at any point along the thyroglossal traet (see 

CD Fig. 24-2 and CD Fig. 24-4). They oeeur most eom- 

monly in the region below the hyoid bone. Sueh a eyst oe- 
eupies the midline and develops as a resnlt of persistenee of 
a small amonnt of epithelinm that eontinnes to seerete mu- 
eus. As the eyst enlarges, it is prone to infeetion and so it 
shonld be removed snrgieally. Sinee remnants of the duet 
often traverse the body of the hyoid bone, this may have to 
be exeised also to prevent reenrrenee. 

Thyroglossal Sinus (Fistula) 

Oeeasionally, a thyroglossal eyst ruptures spontaneously, 
produeing a sinns (see CD Fig. 24-2). Usually, this is a result 



CD Fìgure 24-4 A thyroglossal eyst. (Courtesy of 
L. Thompson.) 


of an infeetion of a eyst. All remnants of the thyroglossal 
duet should be removed surgieally. 

ParathyrDÌd Glands 

Thyroideetomy and the Parathyroid 

Glands 

See previous seetion of this CD ehapter. 

Hyperparathyroidism 

This eondition is eansed by a benign adenoma or hyperpla- 
sia of the parathyroid glands. As a resnlt, there is an exeessive 
seeretion of the parathyroid hormone, and the blood eal- 
eium level rises to as mueh as 15 mg/100 mF from the 
normal level of 10 mg/100 mF. The raised levels of blood 
ealeinm in this disease may eause the repeated oeeurrenee 
of renal stones as the resnlt of the spilling over of the eal- 
eium salts into the urine. The high blood ealeinm levels also 
affeet the eentral and peripheral nervons systems. Neuro- 
logie abnormalities inelnde emotional instability^ memory 
loss, and museular weakness. The treatment is snrgieal 
removal of the diseased gland. 

Hypoparathyroidism 

This eondition is most eommonly eansed by injnry to or re- 
moval of the glands dnring snrgieal proeednres on the 
thyroid gland. 

The main symptoms and signs of low blood ealeinm are 
nnmbness and tingling in the fingers and toes and eramps of 
the mnseles in the hands and feet. These eramps are ealled 
earpopedal spasms. The spasm, or tetany, of mnseles may 
also involve the faeial or laryngeal mnseles. The eentral ner- 
vous system may also be involved, as evideneed by signs of 
mental eonfnsion and loss of memory. 

The eondition is treated by giving the patient ealeinm 
glneonate and large quantities of vitamin D by mouth. 

eongenital Anomalies of the 
Parathyroid Glands 

Absenee and Hypoplasia of the 
Parathyroid Glands 

Agenesis or ineomplete development of the parathyroid 
glands has been demonstrated in individnals with idiopathie 
hypoparathyroidism. 

Eetopie Parathyroid Glands 

The elose relationship between the parathyroids III and the 
developing thymns explains the frequent finding of parathy- 
roid tissne in the snperior mediastinnm of the thorax (see 
text Fig. 24-14). If the parathyroid glands remain attaehed to 
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the thymus, they may be pulled iuferiorly iuto the lower part 
of the ueek or thoraeie eavity. Moreover, this also explaius 
the variable positiou of the iuferior parathyroid glauds iu re- 
latiou to the lower poles of the lateral lobes of the thyroid 
glaud. 



Saprarenal Glands 

Cushing's Syndrome 

Suprareual eortieal hyperplasia is the most eommou eause 
of Cushiug's syudrome^ the elioieal mauifestatious of whieh 
iuelude moomshaped faee, truueal obesity, abuormal hairi- 
uess (hirsutism), aud hyperteusiou; if the syudrome oeeurs 
later iu life^ it may result from au adeuoma or eareiuoma of 
the eortex. 

Addison's Disease 

Adreuoeortieal iusuffieieuey (Addisou's disease), whieh is 
eharaeterized ehuieally by iuereased pigmeutatiou, museu- 
lar weakuess, weight loss, aud hypoteusiou, may be eaused 
by tubereulous destruetiou or bilateral atrophy of both 
eortiees. 

Pheoehromoeytoma 

Pheoehromoeytoma, a tumor of the medulla, produees a 
paroxysmal or sustaiued hyperteusiou. The symptoms aud 
sigus result from the produetiou of a large amouut of eate- 
eholamiues, whieh are theu poured iuto the bloodstream. 

Beeause of their positiou ou the posterior abdomiual 
wall, few tumors of the suprareual glauds eau be palpated. 
Computed tomography (CT) seaus eau be used to visoalize 
the glaudular eulargemeut; however, wheu iuterpretiug CT 
seaus, remember the elose relatiouship of the suprareual 
glauds to the erura of the diaphragm. 

Surgical Signifieanee of the 
Renal Faseia 

The suprareual glauds, together with the kidueys, are eu- 
elosed withiu the reual faseia; the suprareual glauds, how- 
ever, lie iu a separate eompartmeup whieh allows the two 
orgaus to be separated easily at operatiou. 


Suprarenal Susceptibility to Trauma 
at Birth 

At birth, the suprareual glauds are relatively large beeause of 
the preseuee of the fetal eortex; later, wheu this part of the 
eortex iuvolutes, the glaud beeomes redueed iu size. Duriug 
the proeess of iuvolutiou, the eortex is friable aud suseepti- 
ble to damage aud severe hemorrhage. 

Islels nf Langerhans nf the 
Panereas 

Islets of Langerhans and Diabetes 
Mellitus 

Iu diabetes mellitos, the beta eells of the islets of Laugerhaus 
lose their ability to seerete iusuhu or the target eells of the tis- 
sues beeome iuseusitive to eireulatiug iusuhu. Iu juveuile di- 
abetes, there is total abseuee of iusuhu, but wheu the ouset 
of diabetes oeeurs iu adulthood, the plasma levels of iusuhu 
may be uormal or ouly slightly below uormal. The exaet 
eause of diabetes mellitos is uotkuowu. Ceuetie, metabolie, 
aud autoimmuue faetors, as well as viral iufeetious, are 
thought to play au importaut eausative role iu mauy patieuts. 

Iu all patieuts with diabetes melhtus, the blood glueose 
level is above uormal (hyperglyeemia). Ouee the blood glu- 
eose level reaehes a eertaiu threshold value, approximately 
180 mg/100 mL, the glueose spills over iuto the uriue (glu- 
eosuria). The osmotie pressure exerted by the high eoueeu- 
tratiou of glueose iu the uriue iuhibits the reabsorptiou of 
water iu the kiduey tubules, eausiug exeessive uriuatiou 
(polyuria). The patieut beeomes thirsty aud dehydratiou 
may oeeur. There is au upset iu the earbohydrate, fat, aud 
proteiu metabolism iu these patieuts that leads to loss of 
weight aud laek of euergy. 

The treatmeut of patieuts with diabetes melhtus iu- 
eludes giviug suffieieut iusuhu aud a speeial diet so that the 
earbohydrate metabolism returus to uormal. Iu those pa- 
tieuts with the less severe type of diabetes, the hyperglyeemia 
ofteu eau be treated with a low-ealorie, low-earbohydrate diet 
without the admiuistratiou of iusuhu. 

Interstitial Gells of the Testis 

Testosterone Defieieney 

The fuuetiou of the testes is the produetiou of spermatozoa 
aud the seeretiou of the male sex hormoues, partieularly 
testosteroue, by the iuterstitial eells. The two fuuetious may 
be iuterfered with simultaueously by a severe aeute iufee- 
tiou or by the oeelusiou of the blood supply duriug a repair 
operatiou for iuguiual heruia. Total abseuee of testosteroue 
follows surgieal eastratiou, whieh may be ueeessary follow- 
iug severe trauma to the periueum. Testosteroue defieieuey 
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is not present in patients with ineompletely deseended or 
maldeseended testes. If testosterone defieieney oeenrs be- 
fore pnberty, the aeeessory organs of reprodnetion do not 
develop; the penis, serotnm, seminal vesieles, and prostate 
remain small. The seeondary sexual eharaeteristies do not 
appear. There is no growth of the hair on the faee or trnnk 
or in the axillae. The pnbie hair is of the female distribntion 
and develops in response to the snprarenal androgens. The 
larynx fails to enlarge, and the voiee remains high pitehed 
and infantile. The mnseles are poorly developed. There is 
delay in the fnsion of the epiphyses in the long bones with 
the diaphysis. Exeessive fat deposits may oeenr in the pee- 
toral region, abdomen, and bnttoeks, and on the hips. 

Testosterone defieieney after pnberty eanses the aeees- 
sory sex organs to atrophy and the seeondary sexual eharae- 
teristies to regress. Those organs and strnetnres that do not 
require testosterone for their maintenanee are nnaffeeted, 
however. Thns^ the penis remains of normal size^ the voiee 
remains nnehanged, and faeial hair growth may be affeeted 
only slightly. Sexual desire and ereetion may be absent. 

Dvaries 

Menopause 

Menopanse is the period of life when the ovaries normally 
eease to respond to the gonadotropie hormones of the ante- 
rior lobe of the pitnitary. Menopanse oeenrs on average be- 
tween ages 45 and 50. The ovaries beeome smaller, and the 
graafian follieles atrophy and are replaeed by fibrons tissne. 
The tnniea albnginea thiekens. The eorpora Intea and the 
ovarian hormones are no longer prodneed. 

As a resnlt of the eessation of the prodnetion of ovarian 
estrogens and progesterone, menstrnation eeases and the 
genital organs atrophy to some extent. Vasomotor ehanges, 
in the form of hot flashes^ oeenr in the skin of the faee^ neek^ 
and ehest. The vaginal mneons membrane thins and atro- 
phies. The breasts may enlarge, beeanse of the deposition of 


fat, or shrink, beeanse of atrophy of the glandnlar dnets. The 
patient nsnally gains weight from a diffnse deposition of fat. 
The patient often eomplains of pains in the joints, fatigne, 
and insomnia. Anxiety, depression, and emotional instabil- 
ity may also be present. 

The laek of estrogen also inereases protein eatabolism. 
This ehange reveals itself by an alteration in the texture of 
the hair and nails, wrinkhng of the skin, and osteoporosis. 

In the great majority of women, the symptoms of the 
menopanse are slighk bnt for some, the body ehanges and 
emotional distnrbanees are very severe, requiring eonsider- 
able patienee and nnderstanding from the hnsband and 
relatives. 

Hypogonadism 

Ovarian hypofnnetion may be assoeiated with lesions of the 
hypothalamns that impair the release of the gonadotropie- 
releasing hormone. Via a similar meehanism^ emotional 
strain, sneh as leaving home and attending eollege, may 
ehange the afferent nervons inpnt of the hypothalamns, 
eansing amenorrhea. Hypopitnitarism with a failnre of folli- 
ele-stimnlating hormone and Inteinizing hormone seere- 
tion eansed by a pitnitary tnmor may also eanse ovarian 
hypofnnetion. Removal of the ovaries in the adnlt resnlts in 
a prematnre, artifieial menopanse. 

Plaeenta 

Hydatidiform Mole 

Exeessive proliferation of the trophoblast dnring the early 
stages of plaeenta formation may lead to the eondition of hy- 
datidiform mole. The nterns may beeome filled with vesie- 
nlar strnetnres, whieh may be the size of grapes, and the 
fetns dies. Very large quantities of ehorionie gonadotropin 
are prodneed by the trophoblash and the hormone appears 
in the nrine. 





Read the following ease histories/questions and give 
the best answer for eaeh. 

1. On examination, a patient is fonnd to have a bitempo- 
ral hemianopia. An enlargement of whieh anatomie 
strnetnre is likely to eanse this eondition? 

2. A 40-year-old woman was involved in an antomobile 
aeeident in whieh she snstained severe head injnries. 
Eollowing a slow bnt nneventfnl reeovery, she was re- 
leased from the hospital without any residnal signs or 


symptoms. Six months later, the patient started to eom- 
plain of frequeney of mietnrition and was passing very 
large quantities of pale nrine. She also said that she al- 
ways seemed thirsty and would often drink 10 glasses of 
water in one morning. Using yonr knowledge of 
anatomy and physiology, do yon think there is any eon- 
neetion between the nrinary symptoms and her anto- 
mobile aeeident? 

3. A 17-year-old boy is taken by his parents to a pediatri- 
eian beeanse the parents are eoneerned abont his 
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excessive height and his eomplaints of fatigne and gen- 
eral lassitnde. His standing height is 84 in. Questioning 
reveals that the boy has grown very rapidly sinee his thir- 
teenth birthday. As a yonng ehild, he excelled in eom- 
petitive sports, bnt for the past 3 years, he has experi- 
eneed weakness and fatigne and has eeased to eompete. 
His nose is broad, and his mandible and faeial featnres 
appear larger than normal. He has large hands and feet 
and takes a size 18 shoe. There is no family history of 
nnnsnal tallness. The patient is of normal intelligenee, 
and the size of his external genitalia is normal for his 
age. His seeondary sexual eharaeteristies are normal. 
Using yonr knowledge of anatomy and physiology, 
make a diagnosis. Which eell gronps are likely to have 
nndergone pathologie ehanges? How do yon aeeonnt 
for the excessive tallness and the presenee of a large 
mandible, hands, and feet in the same individnal? 

4. A 25-year-old woman has been in labor for several 
honrs. Her nterine eontraetions are weak, and her labor 
is not progressing. The obstetrieian deeides to give her 
some Pitoein^ a synthetie oxytocin hormone. What is 
the effeet of oxytocin on the nterns? In which part of the 
pitnitary is this hormone normally released into the 
bloodstream? 

5. A 45-year-old woman visits her physieian for a medieal 
eheeknp. The woman has no eomplaints, bnt her hns- 
band has noted the following ehanges in her appear- 
anee dnring the previons year: She has gained a eon- 
siderable amonnt of weight and is beeoming mentally 
and physieally slow, often falling asleep while talking to 
friends. Her faee is pnffy, and her hair is dry and has de- 
veloped a tendeney to fall ont. The lateral third of her 
eyebrows is missing. Her skin is pale and dry, and her 
voiee is beeoming deep and her artienlation slow. She 
frequently eomplains of the eold when others feel 
warm. Using yonr knowledge anatomy and physiology, 
what do yon think is wrong with this patient? What do 
yon think would be the appropriate treatment? 

A 25-year-old woman eomplaining of a swelhng on the 
front of the neek and breathlessness visited her physi- 
eian. On examination^ a small^ solitary swelhng of firm 
eonsisteney was fonnd to the left of the midline of the 
neek below the thyroid eartilage of the larynx. The 
swelhng was not attaehed to the skin bnt moved upward 
on swallowing. Abont 2 weeks previonsly the swelhng 
had snddenly inereased in size and had beeome tender 
to toneh; following this inerease in size the patient be- 
eame breathless. 

6. The following statements eoneerning this ease would 
snggest a diagnosis of adenoma of the thyroid gland ex- 
eept which? 

A. The pretraeheal layer of deep eervieal faseia binds 
the thyroid gland to the larynx, which moves upward 
on swallowing. 


B. Eaeh lobe of the thyroid gland is elosely related to 
the sides of the traehea. 

e. The isthmns of the thyroid gland was fonnd to eross in 
front of the third, fonrth, and fifth rings of the traehea. 

D. The sndden inerease in the size of the swelhng ean 
be explained by a hemorrhage into the adenoma. 

E. The swelhng was loeated snperfieial to the left ster- 
nothyroid mnsele. 

E. The breathlessness was eansed by the adenoma press- 
ing on the traehea, partially oeelnding the Inmen. 

A 35-year-old woman had a partial thyroideetomy for 
the treatment of thyrotoxicosis. Dnring the operation a 
ligatnre slipped off the right snperior thyroid artery. To 
stop the hemorrhage, the snrgeon blindly grabbed for 
the artery with artery foreeps. The operation was eom- 
pleted without fnrther ineident. The following morning 
the patient spoke with a hnsky voiee. 

7. The following statements abont this patient would ex- 
plain the hnsky voiee except which? 

A. Laryngoseopie examination revealed that the right vo- 
eal eord was slaek, eansing the hnskiness of the voiee. 

B. The voeal eord is tensed by the eontraetion of the 
erieothyroid mnsele. 

e. The erieothyroid mnsele tilts baek the erieoid earti- 
lage and pnlls forward the thyroid eartilage. 

D. The erieothyroid mnsele is innervated by the reenr- 
rent laryngeal nerve. 

E. The snperior thyroid artery is elosely related to the 
external laryngeal nerve. 

8. Eollowing a total thyroideetomy for eareinoma of the 
thyroid gland, a 55-year-old man notieed tingling and 
nnmbness of the fingers, toes, and lips. Painfnl eramps 
of the hands and feet were also experienced. Strong 
mnsele spasms prodneing addnetion of the thnmb, flex- 
ion of the wrist and metaearpophalangeal joints, and 
plantar flexion of the feet also oeenrred. Laboratory ex- 
amination of the blood revealed a blood ealeinm level 
of 4 mg/100 mL. Which organ was damaged dnring the 
total thyroideetomy? 

An 18-year-old woman went to her physieian beeanse 
she had notieed a swelhng in the midline of her neek. 
She said she had first notieed this swelhng 3 years pre- 
vionsly, and it had gradnally inereased in size. On phys- 
ieal examination, a small swelhng was fonnd in the 

midline ofthe neek; it measnred abont 0.5 in. (1.25 em) 
in diameter. It was sitnated jnst below the body of the 
hyoid bone, was soft and flnetnanp and moved upward 
on swallowing. Nothing else abnormal was diseovered. 

9. The physieian made the diagnosis of thyroglossal eyst 
based on the following symptoms and signs except 
which? 

A. The swelhng was not hard. 

B. The swelhng was flnetnant. 
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C. The swelling was loeated in the midline of the 
neek. 

D. It moved upward on swallowing, whieh indieated 
that it was tethered to tissne assoeiated with the 
thyroid gland. 

E. A thyroglossal eyst is always fonnd below the hyoid 
bone. 

10. A 38-year-old man is admitted to the hospital for labo- 
ratory tests. When seen by his physieian, he eomplains 
of inereasing tiredness and mnsenlar weakness over the 
previons year. He has experieneed five attaeks of nansea 
and vomiting, and diarrhea dnring this period. His rea- 
son for visiting his physieian is that his friends have no- 
tieed that his skin is beeoming darker. After a eomplete 
physieal examination, a diagnosis of Addison's disease is 
made, and it is eonfirmed by laboratory tests. What is 
the eanse of Addison's disease? The seeretions ofwhieh 
hormones are defeetive in this disease? What is respon- 
sible for the weakness and inereased pigmentation of 
the skin in this eondition? 

11. A 29-year-old man reeently experieneed what he de- 
seribes as severe ponnding palpitations. The attaeks 
had lasted abont 20 minntes eaeh and had been ae- 
eompanied by severe sweating, headaehe, and pale- 
ness and eoldness of the skin. While in the hospital 
elinie he has another attaek. His pnlse rate is 120 beats 
per minnte, and his blood pressnre is 240/140 mm Hg. 
A preliminary diagnosis of pheoehromoeytoma is 
made, whieh is later eonfirmed by analysis of the nri- 


nary eontent of eateeholamines. What hormones are 
seereted by the eells of the snprarenal mednlla, and 
what is their aetion? 

12. A 51-year-old man is eoneerned beeanse he has notieed 
dnring the past few weeks that he has started to nrinate 
more frequently and is always hnngry and thirsty. He is 
also worried beeanse he has been treated for skin infee- 
tions on six oeeasions dnring the past year. The fasting 
blood glneose level is measnred, and a glneose toler- 
anee test is performed. The resnlts show that the patient 
has diabetes mellitns. What is the normal fasting blood 
glneose level? Why does glneose appear in the nrine in 
diabetes mellitns? What is the nnderlying eanse of dia- 
betes mellitns? 

13. A 21-year-old man snstains a severe injnry to the per- 
inenm following an explosion of a road-side bomb 
by a terrorist. The snrgeon is foreed to ampntate the 
serotnm and remove both testes. Using yonr knowl- 
edge of physiology, deseribe the ehanges that will take 
plaee beeanse of the absenee of testosterone. Is testos- 
terone prodneed in patients with bilateral nndeseended 
testieles? 

14. What are the elinieal signs and symptoms of meno- 
panse? What is responsible for menopanse? Is it eansed 
by a eessation of the aetivity of the hypothalamns, a ees- 
sation of the aetivity of the pars anterior, or a failnre of 
the ovary to respond to hormonal stimnlation from the 
pitnitary? 


Answers and Exn anatinns 




1. Bitemporal hemianopia is a loss of both temporal fields 
of vision and is dne to the interrnption of the optie nerve 
fibers derived from the medial halves of both retinae. 
Pressnre on the optie ehiasma by a tnmor of the pitnitary 
gland is the most eommon eanse of the eondition. 

2. Yes, there is a eonneetion between the aeeident and the 
nrinary symptoms. This patient is snffering from dia- 
betes insipidns eansed by tranmatie damage either to 
the posterior lobe of the pitnitary gland or to the 
snpraoptie or paraventrienlar nnelei of the hypothala- 
mns. In any evenp prodnetion of vasopressin was inhib- 
ited. It shonld be pointed ont that a lesion of the poste- 
rior lobe of the pitnitary is nsnally not followed by 
diabetes insipidns, sinee the vasopressin (antidinretie 
hormone) prodneed by the nenrons of the snpraoptie 
and paraventrienlar nnelei eseapes direetly into the 
bloodstream. The aetion of vasopressin is to inerease 


the absorption of water in the distal eonvolnted tnbnles 
and eolleeting tnbnles of the kidney. 

3. This patient has the signs and symptoms of gigantism 
and aeromegaly eansed by the exeessive seeretion of 
growth hormone by the aeidophil eells of the anterior 
lobe of the pitnitary gland. The eondition started before 
the epiphyses of the long bones fnsed with the diaph- 
ysis, henee the gigantism, and eontinned growth after 
the fnsion had taken plaee, henee the aeromegalie 
ehanges. 

4. Oxytoein stimnlates the smooth mnsele of the nterns to 
eontraet. Normally, it plays an important role in labor 
and delivery. Dnring the third stage of labor, when the 
plaeenta and the fetal membranes have been delivered, 
it stimnlates the nterine mnsele to eontraet and pre- 
vents exeessive bleeding. In this patient the obstetrieian 
was snpplementing the patient's own oxytoein with 
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synthetie hormone to inerease the foree of the nterine 
eontraetions. 

Oxytoein is prodneed by the nerve eells in the hypothal- 
amns. The hormone reaehes the posterior lobe of the pi- 
tnitary via the hypothalamohypophysial traet, where it is 
stored and later released from the nerve endings. 

5. This patient has the signs and symptoms of hypothy- 
roidism and myxedema. After eonfirming the diagnosis 
by estimating the PBI (protein-bonnd iodine eoneen- 
tration) and sernm T4 levels, whieh are low in this dis- 
ease, the doetor shonld preseribe daily doses of thyroid 
hormone, and this treatment shonld be eontinned 
indefinitely. 

6. E is the eorreet answer. The thyroid gland lies deep to 
the sternothyroid mnsele (see text Fig. 24-10). 

7. D is the eorreet answer. The erieothyroid mnsele of the 
larynx is innervated by the external laryngeal nerve, 
whieh was damaged in this patient. 

8. The patient is snffering from parathyroid tetany dne to 
aeeidental removal of one or more of the parathyroid 
glands dnring the operation of total thyroideetomy. 
Sometimes the eondition oeenrs following interferenee 
with the blood snpply to these glands. The fnnetion of 
the parathyroid gland is to seerete a hormone that 
regnlates ealeinm metabolism and plasma ealeinm 
eoneentration. A low level of plasma ealeinm resnlts in 
inereased nenromnsenlar exeitabihty and the elinieal 
syndrome known as tetany. 

9. E is the eorreet answer. A thyroglossal eyst oeenrs most 
eommonly in the midline of the neek below the hyoid 
bone and above the isthmns of the thyroid gland. It 
shonld be emphasized that it ean oeenr anywhere along 
the path of the thyroglossal traet, even as far snperiorly 
as the foramen eeenm of the tongne. As the eyst en- 
larges it is prone to infeetion, so it shonld be removed 
snrgieally. 

10. Addison's disease oeenrs as a resnlt of the destrnetion of 
the snprarenal eortex by tnberenlosis or idiopathie 
atrophy; it may also oeenr seeondary to a failnre of elab- 
oration of adrenoeortieotropie hormone (ACTH) from 


the pars anterior of the pitnitary, whieh resnlts in atro- 
phy of the snprarenal eortex. Gortisol and aldosterone 
are the two hormones that are laeking in this disease. 
The weakness is eansed by the absenee of eortisol se- 
eretion, whieh eanses a fall in the level of blood gln- 
eose. The inereased melanin pigmentation in the skin 
and bneeal mneons membrane is eansed by the in- 
ereased seeretion of ACTH from the pars anterior of the 
pitnitary. (The inereased pigmentation does not oeenr 
in patients in whom the disease is eansed by hypopitn- 
itarism.) ACTH stimnlates the melanoeytes in the skin 
to inerease their prodnetion of melanin. 

11. The epithelial eells of the snprarenal mednlla synthe- 
size and seerete norepinephrine and epinephrine. 

12. The normal fasting blood glneose level is abont 110 
mg/100 mL. Onee the blood glneose level in diabetes 
mellitns reaehes a eertain threshold valne, approxi- 
mately 180 mg/100 mL, the glneose spills ont into the 
nrine. The exaet eanse of diabetes mellitns is not 
known. Cenetie, metabolie, and antoimmnne faetors, 
as well as viral infeetions, are thonght to play an impor- 
tant eansative role in many patients. Exeessive glneagon 
seeretion eombined with insnlin defieieney has been 
snggested as a eontribnting eanse of the high levels of 
blood glneose. It shonld be remembered that insnlin 
stimnlates the nptake and storage of glneose in the liver 
and mnsele, whereas glneagon inhibits this proeess. 

13. Beeanse the testes were removed after pnberty, many of 
the aeeessory sex organs of this patient will atrophy and 
the seeondary sexual eharaeteristies will regress. Testos- 
terone is prodneed in individnals with nndeseended 
testes beeanse the interstitial eells are not as sensitive to 
heat as are the germinal epithelinm of the seminiferons 
tnbnles. 

14. A snmmary of the elinieal signs and symptoms of 
menopanse are given on CD page 420. At menopanse, 
the few remaining graafian follieles of the ovary eease to 
be sensitive to stimnlation by the gonadotropie hor- 
mones of the pars anterior of the pitnitary, even thongh 
the blood levels of these hormones rise after menopanse. 
The hypothalamns-pitnitary- ovary hormonal meeha- 
nism thns eeases to operate. 
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Table I 


Important Airvvay Distanees 
(Adult)^ 


Airway 

Distanees 

(approx.) 

ineisor teeth to the voeal eords 
ineisor teeth to the earina 
External nares to the earina 

5.9 in. (15 em) 

7.9 in. (20 em) 

11.8 in. (30 em) 


^ Average figures given ± 1-2 em. 


Table 


Important Data Concerning 
the Traehea^ 



Length (approx.) 

Diameter (approx.) 

Adults 

4.5 in. (11.4 em) 

1 in. (2.5 em) 

Infants 

1.6-2 in. (4-5 em) 

As small as 3 mm'^ 


^ Extension of the heaei an(d neek, as when maintaining 
an airway in an anesthetizeei patient, may streteh the 
traehea and inerease its length by 25%. In the adult, 
the earina may deseend by as much as 3 em on deep 
inspiration. At the earina, the right bronchus leaves the 
traehea at an angle of 25° from the vertieal and the left 
bronchus leaves the traehea at an angle of 45° from 
the vertieal. In ehildren younger than 3 years, both 
bronehi arise from the traehea at equal angles. 

^ As ehildren grow, the diameter in millimeters 
eorresponds approximately to their age in years. 
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Table 


Summary of the Movements of the Shoulder Joint and the Muscles Producing 
Those Movements 


Movements 

Muscles 

Orìgìn 

Insertion 

Nerve Supply 

Segmental 

Nerve*^ 

Flexion 

Deltoid (anterior 
fibers) 

eiaviele 

Middle of lateral 
surface of shaft 
of humerus 

Axillary nerve 

C5, 6 


Peetoralis nnajor 
(clavicular 
part) 

Bieeps braehii 

eiaviele 

Lateral lip bieipital 
groove of humerus 

Medial and lateral 
peetoral nerves 
from braehial 
plexus 

C5, 6 


Long head 

Short head 

Supraglenoid 
tubercle of scapula 

Goraeoid proeess 
of scapula 

Tuberosity of 

radius, deep faseia 
of forearm 

Musculocutaneous 

nerve 

C5, 6 


Goraeo- 

braehialis 

Goraeoid proeess 
of scapula 

Medial aspeet of 
shaft of humerus 

Musculocutaneous 

nerve 

C5, 6, 7 

Extension 

Deltoid 

(posterior 

fibers) 

Spine of scapula 

Middle of lateral 
surface of shaft 
of humerus 

Axillary nerve 

C5, 6 


Latissimos dorsi 

lliae erest lumbar 
faseia, spines of 
lovver six thoraeie 
vertebrae, lovver 
three or four ribs, 
and inferior angle 
of scapula 

Floor of bieipital 
groove of 
humerus 

Thoraeodorsal 

nerve 

C6. 7, 8 


Teres major 

Lovver third lateral 
border of scapula 

Medial lip of 
bieipital groove 
of humerus 

Lovver subscapular 
nerve 

C6, 7 

Abduction 

Middle fibers 
of deltoid 

Aeromion proeess 
of scapula 

Middle of lateral 
surface of shaft 
of humerus 

Axillary nerve 

C5, 6 


Supraspinatus 

Supraspinous fossa 
of scapula 

Greater tuberosity 
of humerus 

Suprascapular 

nerve 

C4, 5, 6 

Adduction 

Peetoralis major 
(sternal part) 

Sternum and upper 
six eostal 
eartilages 

Lateral lip of 
bieipital groove 
of humerus 

Medial and lateral 
peetoral nerves 

C7, 8; T1 


Latissimus dorsi 

lliae erest lumbar 
faseia, spines of 
lovver six thoraeie 
vertebrae, lovver 
three or four ribs, 
inferior angle of 
scapula 

Floor of bieipital 
groove of humerus 

Thoraeodorsal 

nerve 

C6. 7, 8 
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Table 


(continued) 


Movements 

Muscles 

Orìgìn 

Insertìon 

Nerve Supply 

Segmental 

Nerve*^ 


Teres major 

Lovver third lateral 
border of scapula 

Medial lip of 
bieipital groove 
of humerus 

Lovver subscapular 
nerve 

C6, 7 


Teres minor 

Llpper tvvo thirds 
lateral border of 
scapula 

Greater tuberosity 
of humerus 

Axillary nerve 

C5, 6 

Lateral 

rotation 

lnfraspinatus 

lnfraspinous fossa 
of scapula 

Greater tuberosity 
of humerus 

Suprascapular 

nerve 

C5, 6 


Teres minor 

Llpper tvvo thirds 
lateral border of 
scapula 

Greater tuberosity 
of humerus 

Axillary nerve 

C5, 6 


Deltoid 

(posterior 

fibers) 

Spine of scapula 

Middle of lateral 
surface of shaft 
of humerus 

Axillary nerve 

C5, 6 

Medial 

rotation 

Subscapularis 

Subscapular fossa 

Lesser tuberosity 
of humerus 

Llpper and lovver 
subscapular 
nerves 

C5, 6 


Latissimus 

dorsi 

lliae erest lumbar 
faseia, spines of 
lovver three or 
four ribs, inferior 
angle of scapula 

Floor of bieipital 
groove of 
humerus 

Thoraeodorsal 

nerve 

C6. 7, 8 


Teres major 

Lovver third lateral 
border of 
scapula 

Medial lip bieipital 
groove of 
humerus 

Lovver subscapular 
nerve 

C6, 7 


Deltoid (anterior 
fibers) 

eiaviele 

Middle of lateral 
surface of shaft 
of humerus 

Axillary nerve 

C5, 6 


^ Circunnduction is a eombination of all the movements deseribed. 

^ The predominant segmental nerve supply is indieated by boldfaee type. 
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Table IV 


Summary of the Movements of the Elbow Joint and the Muscles Producing 
Those Movements 


Movements 

Muscles 

Origìn 

Insertìon 

Nerve Supply 

Segmental 

Nerve® 

Flexion 

Braehialis 

Bieeps braehii 

Front of lovver 
half of humerus 

Goronoid proeess 
of ulna 

Musculocutaneous 

nerve 

C5, 6 


Long head 

Short head 

Supraglenoid 
tubercle of 
scapula 

Goraeoid proeess 
of scapula 

Tuberosity of 
radius, deep 
faseia of forearm 

Musculocutaneous 

nerve 

C5, 6 


Braehioradialis 

Pronator teres 

Lateral 

supracondylar 
ridge of humerus 

Styloid proeess 
of radius 

Radial nerve 

C5, 6, 7 

Extension 

Hymeral head 

Lllnar head 

Trieeps 

Medial epieondyle 
of humerus 

Goronoid proeess 
of ulna 

Lateral aspeet of 
shaft of radius 

Median nerve 

C6, 7 


Long head 

Lateral head 

Medial head 

Infraglenoid tubercle 
of scapula 

Posterior surface of 
shaft of humerus 
Lovver half of 
posterior surface 
of shaft of humerus 

Oleeranon 
proeess of ulna 

Radial nerve 

C6, 7, 8 


Anconeus 

Lateral epieondyle 
of humerus 

Oleeranon 
proeess of ulna 

Radial nerve 

C7, 8; T1 


The predominant segmental nerve supply is indieated by boldfaee type. 
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Musculoskeletal System 


Table V 


Summary of the Movements of the Wrist Joint and the Muscles Producing Those 
Movements 


Movements 


Muscles 

Origìn 

Insertion 

Nerve Supply 

Segmental 

Nerve® 

Flexor earpi 
radialis 

Medial epieondyle 
of humerus 

Bases of seeond 
and third 

metaearpal bones 

Median nerve 

C6, 7 

Flexor earpi 
ulnaris 





Hymeral head 

Lllnar head 

Medial epieondyle 
of humerus 

Oleeranon proeess, 
posterior border 
of ulna 

Pisiform bone, 
hook of hamate, 
base of fifth 
metaearpal bone 

Lllnar nerve 

C7, 8 

Palmaris longus 

Medial epieondyle 
of humerus 

Flexor 

retinaculum, 

palmar 

aponeurosis 

Median nerve 

C7, 8 

Flexor digitorum 
superficialis 





Humeroulnar 

head 

Radial head 

Medial epieondyle 
of humerus, 
eoronoid proeess 
of ulna 

Oblique line anterior 
surface shaft of 
radius 

Middle phalanx 
of medial four 
fingers 

Median nerve 

C7, 8; T1 

Flexor digitorum 

Anterior surface 

Distal phalanx 

Lllnar half— 

C8; T1 

profundus 

shaft of ulna, 
interosseous 
membrane 

of medial four 
fingers 

ulnar nerve, 
radial half— 
median nerve 


Flexor pollieis 

Anterior surface 

Distal phalanx 

Anterior 

C8; T1 

longus 

shaft of radius 

of thumb 

interosseous 
braneh of 
median nerve 


Extensor earpi 
radialis longus 

Lateral supracondylar 
ridge of humerus 

Base of seeond 
metaearpal bone 

Radial nerve 

C6, 7 

Extensor earpi 

Lateral epieondyle of 

Base of third 

Deep braneh 

C7, 8 

radialis brevis 

humerus 

metaearpal bone 

of radial nerve 


Extensor earpi 

Lateral epieondyle 

Base of fifth 

Deep braneh 

C7, 8 

ulnaris 

of humerus 

metaearpal bone 

of radial nerve 


Extensor 

Lateral epieondyle 

Middle and distal 

Deep braneh of 

C7, 8 

digitorum 

of humerus 

phalanges of 
medial four 
fingers 

radial nerve 








Flexion 


Extension 
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Table V 


(continued) 


Movements 


Abduction 


Adduction 


Muscles 

Orìgìn 

Insertìon 

Nerve Supply 

Segmental 

Nerve® 

Extensor indieis 

Shaft of ulna and 
interosseous 
membrane 

Extensor 
expansion of 
index finger 

Deep braneh of 
radial nerve 

C7, 8 

Extensor digiti 

Lateral epieondyle 

Extensor 

Deep braneh of 

C7,8 

mininni 

of humerus 

expansion of 
little finger 

radial nerve 


Extensor pollieis 

Shaft of ulna and 

Base of distal 

Deep braneh of 

o 

00 

longus 

interosseous 

membrane 

phalanx of thumb 

radial nerve 


Flexor earpi 
radialis 

Medial epieondyle 
of humerus 

Bases of seeond 
and third 
metaearpal bones 

Median nerve 

C6, 7 

Extensor earpi 
radialis longus 

Lateral 

supracondylar 
ridge of humerus 

Base of seeond 
metaearpal bone 

Radial nerve 

C6, 7 

Extensor earpi 

Lateral epieondyle 

Bases of third 

Deep braneh of 

C7, 8 

radialis brevis 

of humerus 

metaearpal bone 

radial nerve 


Abductor pollieis 

Shafts of radius 

Base of first 

Deep braneh of 

C7, 8 

longus 

and ulna 

metaearpal bone 

radial nerve 


Extensor pollieis 

Shaft of ulna and 

Base of distal 

Deep braneh of 

o 

00 

longus 

interosseous 

membrane 

phalanx of thumb 

radial nerve 


Extensor pollieis 

Shaft of radius and 

Base of proximal 

Deep braneh of 

C7, 8 

brevis 

Flexor earpi 
ulnaris 

interosseous 

membrane 

phalanx of thumb 

radial nerve 


Humeral head 

Lllnar head 

Medial 

epieondyle of 
humerus 

Oleeranon proeess 
of ulna 

Pisiform bone, 
hook of 
hamate, base 
of fifth 

metaearpal bone 

Lllnar nerve 

C7, 8 

Extensor earpi 

Lateral epieondyle 

Base of fifth 

Deep braneh of 

C7, 8 

ulnaris 

of humerus 

metaearpal 

bone 

radial nerve 



^ The predominant segmental nerve supply is indieated by boldfaee type. 
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Musculoskeletal System 


Table VI 


Summary of the Movements of the Hip Joint and the Muscles Producing 
Those Movements 


Movements 

Muscles 

Origìn 

Insertìon 

Nerve Supply 

Segmental 

Nerve*^ 

Flexion 

lliacus 

lliae fossa 

Lesser troehanter 
of femur 

Femoral nerve 

L2, 3 


Psoas 

Rectus femoris 

Body of tvvelfth 
thoraeie vertebra, 
transverse 
proeesses, bodies 
and intervertebral 
dises of the five 
lumbar vertebrae 

Lesser troehanter 
of femur 

Lumbar plexus 

L1, 2,3 


Straight head 

Refleeted head 

Anterior inferior 
iliae spine 
llium above 
acetabulum 

Patella 

Femoral nerve 

L2, 3, 4 


Sartorius 

Anterior superior 
iliae spine 

Llpper medial 
surface of shaft 
of tibia 

Femoral nerve 

L2, 3 

Extension 

Gluteus 

Outer surface of 

lliotibial traet 

Inferior gluteal 

L5; S1, 2 

(a posterior 
movennent 

of the flexed 
thigh) 

maximus 

ilium, sacrum, 
coccyx, sacrotuber- 
ous ligament 

gluteal 
tuberosity of 
femur 

nerve 



Bieeps femoris 

Long head: isehial 
tuberosity 

Head of fibula 

Tibial nerve 
(seiatie nerve) 

L5; S1, 2 


Semitendinosus 

isehial tuberosity 

Llpper part of 
medial surface of 
shaft of tibia 

Tibial nerve 
(seiatie nerve) 

L5; S1, 2 


Semimembra- 

nosus 

isehial tuberosity 

Medial eondyle of 
tibia 

Tibial nerve 
(seiatie nerve) 

L5;S1, 2 


Adductor magnus 

isehial tuberosity 

Adductor tubercle 
of femur 

Tibial nerve 
(seiatie nerve) 

L2, 3, 4 

Abduction 

Gluteus medius 

Outer surface of 
ilium 

Greater 
troehanter of 
femur 

Superior gluteal 
nerve 

L5; S1 


Gluteus minimus 

Outer surface of 
ilium 

Greater 
troehanter of 
femur 

Superior 
gluteal nerve 

L5; S1 


Sartorius 

Anterior superior 
iliae spine 

Llpper medial 
surface of shaft 
of tibia 

Femoral nerve 

L2, 3 


Tensor faseiae 
latae 

lliae erest 

lliotibial traet 

Superior gluteal 
nerve 

L4, 5 


Piriformis 

Anterior surface of 

sacrum 

Greater 
troehanter of 
femur 

Saeral plexus 

L5; S1, 2 
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^ (continued) 










Segmental 

Movements 

Muscles 

Origin 

Insertìon 

Nerve Supply 

Nerve® 

Adduction 

Adductor longus 

Body of pubis 

Posterior surface 

Obturator nerve 

L2, 3, 4 




of shaft of femur 




Adductor brevis 

Inferior ramus of 

Posterior surface 

Obturator nerve 

L2, 3, 4 



pubis 

of shaft of femur 




Adductor nnagnus 

Inferior ramus of 

Posterior surface 

Obturator nerve 

L2. 3, 4 


(adductor fibers) 

pubis, ramus of 

of shaft of femur. 





ischium, isehial 

adductor tubercle 





tuberosity 

of femur 




Pectineus 

Superior ramus of 

Llpper end of 

Femoral nerve 

L2, 3 



pubis 

shaft of femur 




Graeilis 

Inferior ramus of 

Llpper part of 

Obturator nerve 

L2, 3 



pubis, ramus of 

shaft of tibia on 





ischium 

medial surface 



Lateral 

Pirifornnis 

Anterior surface of 

Greater troehanter 

Saeral plexus 

L5;S1, 2 

rotation 


sacrum 

of femur 




Obturator 

Inner surface of 

Greater troehanter 

Saeral plexus 

L5;S1 


internus 

obturator membrane 

of femur 




Obturator 

Outer surface of 

Greater troehanter 

Obturator nerve 

L3,4 


externus 

obturator membrane 

of femur 




Superior 

Spine of ischium 

Greater troehanter 

Saeral plexus 

L5; S1 


gemellos 


of femur 




Inferior gemellus 

isehial tuberosity 

Greater troehanter 

Saeral plexus 

L5; S1 




of femur 




Quadratus 

isehial tuberosity 

Quadrate tubercle 

Saeral plexus 

L5; S1 


femoris 


on upper end of 






posterior 






surface of femur 




Gluteus maximus 

Outer surface of 

lliotibial traet 

Inferior gluteal 

L5; S1, 2 



ilium, sacrum. 

gluteal tuberosity 

nerve 




coccyx. 

of femur 





sacrotuberous 






ligament 




Medial 

Gluteus medius 

Outer surface of 

Greater troehanter 

Superior gluteal 

L5; S1 

rotation 


ilium 

of femur 

nerve 



Gluteus 

Outer surface of ilium 

Greater troehanter 

Superior gluteal 

L5; S1 


minimus 


of femur 

nerve 



Tensor faseiae 

lliae erest 

lliotibial traet 

Superior 

L4, 5 


latae 



gluteal nerve 



^ Circumduction is a eombination of all the movements deseribed. 

^ The predominant segmental nerve supply is indieated by boldfaee type. 
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Table VII 


Summary of the Movements of the Knee Joint and the Muscles 
Producing Those Movements 


Movements 

Muscles 

Origin 

Insertion 

Nerve Supply 

Segmental 

Nerve® 

Flexion 

Bieeps fennoris 






Long head 

Short head 

isehial tuberosity 
Shaft of femur 

Head of fibula 

Tibial nerve 
Gommon 
peroneal 
nerve 

L5;S1,2 


Sennitendinosus 

isehial tuberosity 

Llpper part of 
medial surface 
of shaft of tibia 

Tibial nerve 

L5; S1, 2 


Seminnenn- 

branosus 

isehial tuberosity 

Medial eondyle of 
tibia 

Tibial nerve 

L5; S1,2 

Extension 

Gastrocnemius 

Quadriceps 
femoris: rectus 
femoris 

MediaL lateral 
eondyles of 
femur 

Via Aehilles tendon 
into calcaneum 

Tibial nerve 

S1, 2 


Straight head 

Refleeted head 

Anterior inferior 
iliae spine 
llium above 
acetabulum 

Patella 

Femoral nerve 

L2, 3. 4 


Vastus lateralis 

Llpper end and 
shaft of femur 

Patella 

Femoral nerve 

L2, 3. 4 


Vastus medialis 

Llpper end and 
shaft of femur 

Patella 

Femoral nerve 

L2, 3. 4 


Vastus inter- 
medius 

Shaft of femur 

Patella 

Femoral nerve 

L2. 3. 4 

Medial 

rotation 

Sartorius 

Anterior superior 
iliae spine 

Llpper medial 
surface of shaft 
of tibia 

Femoral nerve 

L2, 3 

Lateral 

Graeilis 

Bieeps femoris 

Interior ramus of 
pubis, ramus 
of ischium 

Llpper part of shaft 
of tibia on medial 
surface 

Obturator nerve 

L2, 3 

rotation 

Long head 

isehial tuberosity 

Head of fibula 

Tibial nerve 

L5; S1, 2 


Short head 

Shaft of femur 


Gommon 

peroneal 

nerve 

L5; S1, 2 


The predominant segmental nerve supply is indieated by boldfaee type. 
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Table V 


Summary of the Movements of the Ankle Joint and the Muscles Producing 
Those Movements 


Movements 

Muscles 

Origin 

Insertìon 

Nerve 

Supply 

Segmental 

Nerve® 

Dorsiflexion 

Tibialis anterior 

Shaft of tibia, 
interosseous 
membrane 

Medial cuneiform, 
base of first 
metatarsal bone 

Deep peroneal 
nerve 

L4,5 


Extensor hallucis 
longus 

Shaft of fibula, 
interosseous 
membrane 

Base of distal 
phalanx of great 
toe 

Deep peroneal 
nerve 

L5, S1 


Extensor digitornm 
longus 

Shaft of fibula, 
interosseous 
membrane 

Dorsal extensor 
expansion of 
lateral four toes 

Deep peroneal 
nerve 

L5, S1 


Peroneus tertius 

Shaft of fibula, 
interosseous 
membrane 

Base of fifth 
metatarsal bone 

Deep peroneal 
nerve 

L5, S1 

Plantar- 

flexion 

Gastrocnemius 

Medial, lateral 
eondyles of 
femur 

Via Aehilles tendon 
into calcaneum 

Tibial nerve 

S1,2 


Soleus 

Shaft of tibia 
and fibula 

Via Aehilles tendon 
into calcaneum 

Tibial nerve 

S1,2 


Plantaria 

Lateral supra- 
eondylar ridge 
of femur 

Calcaneum 

Tibial nerve 

S1,2 


Peroneus longus 

Shaft of fibula 

Base of first 
metatarsal and 
medial cuneiform 

Superficial 
peroneal nerve 

L5; S1,2 


Peroneus brevis 

Shaft of fibula 

Base of fifth 
metatarsal bone 

Superficial 
peroneal nerve 

L5; S1,2 


Tibialis posterior 

Shaft of tibia, 
fibula, in- 
terosseous 

membrane 

Tuberosity of 
navicular 

Tibial nerve 

L4,5 


Flexor digitorum 
longus 

Shaft of tibia 

Distal phalanges 
of lateral four toes 

Tibial nerve 

S2,3 


Flexor hallucis 
longus 

Shaft of fibula 

Base of distal 
phalanx of big toe 

Tibial nerve 

S2,3 


The predominant segmental nerve supply is indieated by boldfaee type. 
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Digestive System 


Lengths and Capacities 


Region (approx.) 

Lengths (approx.) 

Capacìtìes (Approx.) 

Esophagus 

10 in. (25 em) 

— 

Stomaeh® 

Lesser curvature 4.8-5.6 in. (12-14 em) 

1,500 mL 

Duodenum 

10 in. (25 em) 

— 

Jejunum 

8 ft (2.4 M) 

— 

lleum 

12ft(3.7 M) 

— 

AppendÌK 

3-5 in. (8-13 em) 

— 

Aseending eolon 

5 in. (13 em) 

— 

Transverse eolon 

15 in. (38 em) 

— 

Deseending eolon 

10 in. (25 em) 

— 

Sigmoid eolon 

10-15 in. (25-38 em) 

— 

Rectum 

5 in. (13 em) 

— 

Anal eanal 

1.5 in. (4 em) 

— 

Gallbladder 

2.8-3.9 in. (7-10 em) 

30-50 mL 

Gystie duct 

1.5 in. (3.8 em) 

— 

Bile duct 

3 in. (8 em) 


^ The curved course taken by a nasogastrie tube from the eardiae orifiee to the pylorus is usually 
longer, 6-10 in. (15-25 em). 


Drinary System 



Lengths and Capacities 

Organ 

Lengths (approx.) 

Gapaeìty 

(approx.) 

Llreter 

10 in. (25 em) 


Bladder 

— 

500 mL 

Male urethra 

8 in. (20 em) 

— 

Penile 

6 in. (15.7 em) 

— 

Membranous 

0.5 in. (1.25 em) 

— 

Prostatie 

1.25 in. (3 em) 

— 

Female urethra 

1.5 in. (3.8 em) 

— 


fleprDdnetive System 



Dimensions 

Organ 

Dìmensìons (approx.) 

Male 


Testis 

2X1 in. (5 X 2.5 em) 

Vas deferens 

18 in. (45 em) 

Penis (ereet) 

6 in. (15 em) 

Female 


Ovary 

1.5 X 0.75 in. (4x2 em) 

Llterine tube 

4 in. (10 em) 

Llterus 

3x2x1 in. (8 X 5 X 2.5 em) 

Vagina 

3 in. (8 em) 
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Table XII 


The Size and Weight of the 
Developing Hnman Embryo 
and Fetus 


Age of 
Conceptìon 
(weeks) 

Crown-Rump 
Length (mm) 

VVeight (g) 

4 

5 

0.02 

5 

8 

— 

8 

23 

1 

12 

56 

14 

16 

112 

105 

20 

160 

310 

24 

203 

640 

28 

242 

1,080 

32 

277 

1,670 

36 

313 

2,400 

Full term 

350 

3,300 


Reprinted with permission, Arey 1966. 
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CD Fìgure APP-1 Gritieal times in the maturation of the human fetus during which 
mutant genes, drugs, or environmental faetors may alter normal development of speeifie 
structures. 



























